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EXECUTIVE SUMMARY 
The purposes of this study were to develop a generalized and comprehensive slope stability 
computer program capable of solving a variety of slope stability conditions and implement a new approach 
of formulating and solving the three slope stability equilibrium equations. A major aim of the study was to 
develop a computer program that would have the general accuracy of such slope stability models as those 
developed by Morgenstern and Price, Spencer, Janbu, Bishop, and Hardin, and yet overcome some of the 
limitations and shortcomings of those models and computer programs based on those models. For 
example, slope stability computer programs such as the ICES LEASE, KY-BISHOP (Hopkins and Yoder, 
1972), REAME, and STABL {Bishop option), which are based on the simplified Bishop method of slices 
and which are widely used, are limited to analyzing circular slip surfaces. However, many landslides and 
potential slip surfaces are not always circular; rather the slip surfaces may be of arbitrary shapes. 
Consequently, such computer programs are not applicable in those cases, and other models must be used to 
analyze slip surfaces of an arbitrary shape. 
Although slip surfaces of an arbitrary shape may be analyzed using methods formulated by J anbu, 
Morgenstern and Price, and Spencer, those models are somewhat difficult to use (from a practitioner's 
viewpoint) and, occasionally, convergent difficulties are encountered, especially when analyzing deep 
failures. Convergence difficulties are frequently encountered with the Janbu stability model. Solutions 
obtained from Morgenstern and Price and Spencer's generalized models should be reviewed for each slip 
surface to determine if the solutions are physically admissible. Several trial assumptions may be required 
to obtain a physically admissible solution for a given slip surface. This may be time-consuming, and from 
a practitioner's viewpoint, the methods may not be applicable to production oriented studies. Other slope 
stability models such as the ordinary method of slices, the modified Swedish method, the NA VFACS 
procedure, and the simplified Janbu method do not have the general accuracy of the methods developed by 
Morgenstern and Price, Spencer, Janbu, Bishop, and Hardin -- the so-called "accurate" methods. When 
compared to the accurate methods, such methods as the ordinary method of slices, NA VFACS sliding 
wedge method, the simplified Janbu procedure, and the Modified Swedish procedure tend to yield factors 
of safety that are lower. Consequently, some designers may reason that, since the results are conservative, 
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then a safer design is obtained than one obtained from the accurate melhods. Although a safer design may 
be obtained in certain cases, the question here is to what degree is lhe solution conservative? For a given 
set of stability problems, the factors of safety obtained from such a method as lhe ordinary melhod of slices 
are 5ome 30 percent or more lower. Moreover, in certain situations, the solutions may not be conservative. 
For instance, when back calculating shear strenglh parameters in landslides, such methods as the simplified 
Janbu, NA VFACS, and the ordinary method of slices generally yield higher shear strength parameters than 
parameters obtained from lhe accurate methods. Use of the higher strength values in preparing a remedial 
plan for the landslide may not lead to a conservative solution. 
Because of some of the shortcomings and limitations of certain stability models, a recent trend is to 
include two or more models in the computer program. In many programs of this type, the Bishop 
simplified melhod is used to analyze circular shear surfaces while slip surfaces of an arbitrary shape are 
analyzed using such methods as the simplified Janbu, NA VFACS procedure, or Spencer's method. For 
example, the ST ABL program uses the Bishop simplified mclhod for analyzing circular shear surfaces; the 
simplified Janbu method is used to analyze slip surfaces of an arbitrary shape. However, the simplified 
Janbu does not have the general accuracy of lhe melhods by Morgenstern and Price or Spencer. Use of the 
Morgenstern and Price or Spencer melhods to analyze slip surfaces of an arbitrary shape still requires the 
time-consuming task of trying different trial assumptions. Moreover, the user should be aware of the 
limitations of lhe models used in a given computer program. 
A new generalized slope stability computer program, HOPK-1, has been developed. The user's 
guide presented herein describes data entry, data oulput, and operation of the program. The computer 
program is based on a new approach to formulating and solving the three stability equilibrium equations. 
The moment equilibrium equation and the vertical and horizontal equilibrium equations are considered in 
the model. The computer program is based on one stability model and is versatile with respect to the type 
of stability conditions that may be analyzed. Bolh circular slip surfaces and slip surfaces of an arbitrary 
shape may be analyzed. Effective stress and total stress conditions may be analyzed. A somewhat simple 
approach is used for entering coordinate data and shear strenglh data. Either piezometric coordinates and 
pore-pressure ratios may be used. The program contains a routine for entering undrained shear strength as 
a function of depth. This routine reduces lhe number of layers that may be required in certain types of 
slope problems and should lead to more accurate results when compared to olher computer programs that 
ldy on subdividing lhe subsurface into several layers to account for the variability of undrained shear 
strength with depth. A pseudo-statical approach is used to simulate earthquake forces. The program 
contains a new approach to analyzing stability problems that may involve tension cracks. The tension 
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crack model is presented in tenns of effective stress, although total stress conditions may be analyzed. The 
model yields a depth of tension cmck based on the mobilized shear strength and compatible with the factor 
of safety. Alternately, if the depth of tension cmck is known or estimated, the fixed value of the depth may 
be entered. Tbe tension cmck model may be applicable to such problems as cut slopes and embankments 
located on soft foundations susceptible to cmcking. The tension crack model may be applied to problems 
involving circular slip surfaces and slip surfaces of arbitrary shapes. The computer program contains a 
search routine for locating the most critical shear surface having a minimum factor of safety. Factors of 
safety are printed in a grid-type fashion for the convenience of the user. The search procedure may be used 
in conjunction with the tension cmck analysis and the pseudo-statical earthquake analysis. 
To establish credibility of the HOPK-1 slope stability program, eighteen stability problems were 
selected from the litemture and solved. Solutions obtained from the HOPK-1 program were compared to 
those obtained from stability models by Bishop, Morgenstern and Price, Spencer, Hardin, Janbu (general 
and simplified), Lowe and Karafiath, as well as other models such as EMST AB and the ordinary method of 
slices. Results were compared to solutions obtained from the ICES LEASE, KY-BISHOP (Hopkins and 
Yoder, 1972), REAME, and STABL computer programs. Based on the eighteen example problems and 
comparisons, the following observations were noted: 
l. Factors of safety obtained from the HOPK-I slope stability agree very closely to those obtained 
from the Bishop simplified method contained in such stability computer programs as ICES LEASE, KY-
BISHOP, REAME, and the Bishop option of the ST ABL programs. The differences in the solutions were 
generally less than two percent and most often were less than one percent 
2. For the examples solved, factors of safety obtained from the HOPK-I computer model agree 
reasonably well with the factors of safety obtained from the so-called "accumte" models -- Morgenstern 
and Price, Spencer, Janbu, Bishop, and Hardin. Generally, solutions from the HOPK-1 program were 
within about three or four percent of solutions obtained from those models. 
3. The simplified Janbu option of the ST ABL program yielded lower factors of safety than values 
obtained from the HOPK-1 program and the simplified Bishop model. Generally, the simplified Janbu 
option yielded values that were lower than those obtained from the HOPK-1 or Bishop's simplified method. 
4. Values obtained from the ordinary method of slices were some three to twelve percent lower 
than values obtained from the HOPK-I model and the Bishop simplified method. 
5. Limited credibility of the HOPK-I slope stability program has been established. 
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INTRODUCTION 
Data enlry and operation of a generalized slope stability computer program, HOPK-1, are described 
herein. The computer program may be used to compute the factor of safety of circular and non-circular 
shear surfaces. Effective stress and total stress conditions may be analyzed. Additionally, the program 
contains a search procedure for locating the most critical circle having the minimum factor of safety. The 
computer program contains a tension crack model for computing the factor of safety of embankments 
located on soft foundations. The tension crack model is presented in terms of effective stress, although 
total stress conditions may be analyzed; the model solution yields a depth of tension crack that is based on 
the mobilized shear strength parameters. The depth of tension crack obtained from the model is compatible 
with the factor of safety. A search routine may be used in conjunction with the tension crack failure model. 
A pseudo-statical method is used to simulate earthquake forces. The search procedure may be used with 
the earthquake option. The computer program contains four options for computing pore pressures. 
The method used to calculate the factor of safety is a generalized limit equilibrium procedure of 
slices. The method is similar to Janbu's generalized procedure of slices (1, cf 2, and cf 3). However, the 
slope stability model used in HOPK-I has been formulated to avoid convergent difficulties frequently 
encountered with Janbu's model (4, 5). In the procedure, the potential failure mass is divided into a series 
of vertical slices; the equilibrium of each slice as well as the equilibrium of the entire mass is considered. 
In the model, boundary forces acting on the unstable mass and the division of the mass into slices is shown 
in Figure I. The system of forces in the model that are assumed to act on each individual slice is shown in 
Figure 2. Horizontal and vertical force equilibrium as well as moment equilibrium are considered for each 
slice. Determining the stability of a potentially unstable mass is basically indeterminate as shown in Table 
l. Known quantities and assumptions required to achieve statical equilibrium of the slope stability model 
used in the HOPK-I computer model are summarized in Table 2. The location of the line passing through 
the points of action of the interslice forces, or the "line of thrust" (6), is assumed. This assumption is 
somewhat unique. In other models, such as those by Morgenstern and Price (7), Spencer (8, 9), and Hardin 
(10), the location of the thrust line is computed as part of the solution. 
The following basic assumptions made in the computer model equations include the following: 
1. A line passing through the points of action of the interstice forces are known or assumed. 
2. The material or soil forming the slope of the potentially unstable mass conforms to the Terzaghi-
Coulomb shear strength formula (II). 
3. For each cross section, the slope stability problem is treated as two-dimensional (plain strain). 
4. The shear strength of the soils may be expressed in terms of effective stress or total stress (11). 
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TABLE 1. UNKNOWNS AND EQUATIONS FOR n SLICES 
UNKNOWNS ASSOCIATED WITH FORCE EQUILIBRIUM 
1 Factor of Safety 
n Normal Forces (N1) on the Base of Each Slice 
n-1 Normal Forces (E1 ) on Each · 
Interface between Slices 
Resultant Forces (Zf) of Et and 
(or) r
1 
on Each Interface between Slices 
n-1 Shear Forces (T1 ) on Each 
Interface between Slices 
(\ Angles -- which Express the Relationships 
between Et and t 1 on Each Interface 
3n-l Unknowns Versus 2n Equations 
UNKNOWNS ASSOCIATED WITH MOMENT EQUILIBRIUM 
n COordinates bt' Locating the Normal Forces on the Base of Each Slice 
n-1 Coordinates •t Locating the Normal Forces Ei on Each Interface between Slices 
-----------------------------
2n-l Unknowns Versus n Equations 
Total Unknowns 
Sn-2 Unknowns Versus 3n Equations 
TABLE 2. JANBU'S APPROACH(UNKNOWNS AND EQUATIONS FOR n SLICES) 
------------------------------------------------R··············-··----··················-UNKNOWNS ASSOCIATED WITH FORCE EQUILIBRIUM 
1 Factor of Safety 
n Normal Forces (Ni) on the, Base of Each Slice 
n-1 Normal Forces (Ei) on Each Interface between Slices 
Shear Forces (Ti) on each 
Interface Betwe!n Slices 
Assume 
(Initially) 
T • 0 
-~----------------------------------------
2n Unknowns Versus 2n Equations 
UNKNOWNS ASSOCIATED WITH MOMENT EQUILIBRIUM 
n Coordinates bi Locating the Normal Forces on the Base of Each 
~~~~~-------=~~:~:~:~~-~!-=~:~~~~~-~~~~ormal Force Ei on Each Interface 
n Unknowns Versus n Equations 
Total Unknowns 
3n Unknowns Versus 3n Equations 
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Slice 
between Slices 
5. The factors of safety of the cohesive component of strength and the frictional component are 
equal. 
6. The factor of safety is the same for all slices. It is expressed as the ratio of the total shear 
strength available on the shear surface to the total shear strength mobilized to maintain equilibrium (6). 
This assumption implies there is mutual support between the adjacent slices. Consequently, it implies the 
existence of interslice forces. 
The factor of safety is obtained by iteration. A detailed description of the procedure for solving the 
three equilibrium equations is not within the scope of this guide. Moreover, the source listing and a 
detailed discussion of the algorithms are excluded from the repon because those items are subject to change 
(updates) and revision and are too lengthy for a repon of this nature. The objective of this repon is to 
implement a generalized slope stability model. This repon is intended to serve as a user's guide and 
implementation repon. It describes basic data entry and general operational features for a general slope 
stability computer program, HOPK-1. The program is coded in Fonran IV and was developed on the 3083 
IBM computer located at the University of Kentucky. 
It is assumed that any user of the HOPK-1 slope stability computer program is fully knowledgeable 
in the state of the art of slope stability phenomenon and analyses. The user should not rely totally on the 
results obtained from this computer program as the basis for design. Users and recipients must accept, with 
full knowledge and agreement, that no warranties, expressed or implied, are made by the University of 
Kentucky or the author. The sale, transfer, or modification of the HOPK-1 computer program is prohibitive 
without the written permission and consent of the Kentucky Transportation Research Program. It is 
believed that results obtained from the slope stability program described below are numerically correct. 
Several examples are presented comparing results from the slope stability program with published results. 
A description of data entry is presented in two parts. The first, which is presented below, is a 
general guide to data entry. This portion of the guide gives a brief explanation of data entry, operational 
features, and output features of the program. It is arranged in the same sequence as the data is specified for 
the program. The second part of data entry considers the method of coding data. Two methods are 
available for creating a data entry file. These methods include the batch method and the interactive 
method. When the batch method is used, all data must be entered in a rigid format. Detailed coding 
instructions and data entry formats for the batch method are described in APPENDIX A and APPENDIX 
B, respectively. The interactive method uses a free format, and consequently, the data need not be coded in 
a rigid format However, except for routing gimmicks, data must be inserted for each variable. To 
establish credibility of the slope stability program, several numerical examples are presented and described. 
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Results obtained from the HOPK-I computer program are compared 10 published results_ 
GENERAL GUIDE TO DATA ENTRY 
A general entry guide for the HOPK-I slope stability program is discussed below. All data must be 
submitted in the sequence described. The user may use the batch method, APPENDIX B, or the interactive 
method, (available on request), 10 create the data entry file. 
UTILITY DATA AND NUMBER OF PROBLEMS 
Different computers and computer installations have different input and output codes, or UTILITY 
codes. The particular codes used by each installation must be supplied when submitting a problem. The 
user may submit at any one time any number of problems. Information for utility codes and number of 
problems is contained on Record Number I (see Appendices A and B): 
IN lOUT NOP, 
where IN= a code designating which input device will be used at a given computer installation, 
lOUT = a code designating which output device will be used at a given computer installation, and 
NOP = the number of problems per submission. 
Regardless of the number or problems submitted at a given time, data for IN, lOUT, and NOP need be 
entered only once. 
PROBLEM IDENTIFICATION DATA 
Data for problem identification is contained on Record Number 2 as follows: 
MONTH KDAY KYEAR IH(I), 
where MONTH= the month of the year, 
KDA Y = the day of the week, 
KYEAR = the year (use only the last two digits), and 
IHI(I) =description of the problem. This information may be project number, route number, or an 
assigned problem number. 
PROBLEM CONTROL DATA 
These data include the unit weight of water (UNITWW), the number of slices (NSLICE), and the 
maximum number of iterations (MAXI'I) allowed for each problem. Record Number 3 takes the form of 
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UNITWW NSLICE MAXIT 
The units of all data entered into the program must be consistent The numerical value and units 
specified for the unit weight of water control the units of all other input data. If the user does not specify a 
value for the unit weight of water (UNITWW), the computer program assumes a value of 62.4 pounds per 
cubic foot. Therefore, in this case, length must be in feet and force and weight must be in pounds to be 
consistent with the units of the unit weight of water. For example, all coordinate data must be in feet and 
such values as the cohesion of a soil would have the units of pounds per square foot If units other than 
those assumed by the computer program are used, then the user must specify a numerical value of the unit 
weight of water consistent with the intended units. For instance, if the unit weight of the pore fluid is 
specified as 1.0, then the consistent set of melric units would be melric tons and meters, or grams and 
centimeters (not kilograms and centimeters). If a value of the unit weight of the pore fluid other than fresh 
water is desired, then the desired unit weight of the pore fluid is specified. 
The maximum number of slices (NSLICE) that may be specified by the user is 98. If the user fails 
to specify a number for NSLICE, then the computer program assumes a value of 76. When the user 
specifies the number of slices, the specified number MUST be an EVEN integer. The computer program 
divides each lrial mass into the number of slices specified by the user as shown in Figure 3. It is 
recommended that no fewer slices than 76 be used. 
If a value for the maximum number of iterations (MAXI1) allowed is not specified, the program 
uses a value of 15. Based on experience, the computer solution usually converges in less than 15 iterations. 
Generally, in most problems convergence is obtained in less than about 10 iterations. If convergence is not 
achieved, the program alerts the user with a message, "Convergence was not obtained". When this occurs, 
the user may specify a value for MAXIT larger than 15. However, if more than 15 iterations are required, 
then the user should exercise caution in accepting the results obtained from the program. A listing of the 
interslice side forces should be reviewed to determine if they are reasonable. 
GIMMICK ROUTING DATA 
The computer program contains three routing options that allow the user to control certain 
operations of the program. A typical printout of routing codes is shown in Table 3. Data for these options 
are contained on Record Number 3 as follows: 
GSEARC GIMfH GIMPO 
The routing optional code, GSEARC, specifies the mode of solution with regard to the shear 
surface. Two options are available. If the user chooses to analyze only one shear surface, then GSEARC is 
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Shear 
Surface 
N • Nu"' ber of Slices 
AX1 •Width of Slicoi •IX--X 1 liN 
x1+ 1•X-Coordinate at Sido of Slice I • X; +(AXil 
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Figure 3. Method of Dividing Unstable Mass into Slices. 
TABLE 3. TYPICAL PRINTOUT OF CODED ROUTING OPTIONS 
··························---------·-·········-·······-----------------------------------------EXAMPLE 3 (AFTER JANBU) 
DATE 09/12/75 
CONTROL AND GIMMICK INPUT DATA 
INPUT DEVICE CODE • 5 
OUTPUT DEVICE CODE • 6 
NUMBER OF PROBLEMS • 1 
UNIT WEIGHT OF WATER • 
NUMBER OF SLICES • 76 
MAX. NO. OF ITERATIONS • 10 
GSEARC • 0 
CIMTH • 1 
GIMPO • 1 
0.0624 (FORCE / CUBIC LENGTH) UNITS OF ALL INPUT-oUTPUT DATA 
USED IN THE COMPUTER PROGRAM ARE THOSE IMPLIED BY THE 
NUMERICAL VALUE USED FOR THE UNIT WEIGHT OF THE PORE WATER 
ONLY ONE SHEAR SURFACE WAS ANAL!ZED 
THE VALUE OF ETA WAS INPUT AND USED TO COMPUTE THE HEIGHT 
OF THE INTERSLICE FORCES ABOVE THE SHEAR SURFACE 
LIMITED PRINTOUT OF CALCULATIONS WAS REQUESTED 
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assigned a value of zero. In this case, the user must supply x- and y-coordinates of the shear surface. If the 
user chooses to perform a search analysis to locate the critical circle having a minimum safety factor, 
GSEARC is assigned a value of I. In this case, the program generates the x- and y-coordinates of the shear 
surface. When GSEARC equals I, the user must supply x- and y-coordinates of the search grid as 
described below in the section entitled "Search Grid -- Predetermined Trial Centers." The coordinates are 
entered on Record Number 14. 
The user may generate coordinates for one circle, or shear surface. In this case, GSEARC is set 
equal to 1 and search coordinates of the grid are entered in a manner described below in the section entitled 
"Search Grid -- Predetermined Trial Centers." The search coordinates are entered on Record Number 14. 
The radius of the circle is entered on Record Number 15. 
When GIMTH is assigned a value of 0, the thrust line is located on each side of each slice as shown 
in Figure 4. These coordinates must be supplied as discussed below in the section entitled "Coordinate 
System and Method of Describing Geometry." Thrust-line coordinates are entered on Record Number 9. 
To avoid supplying these coordinates, the location of the thrust line may be defined by one parameter, ETA 
(Record Number 9), as shown in Figure 5. In this case, GIMTH is set equal to 1; the x- andy- coordinates 
of the thrust line are generated. 
A third option is available for defining the location of the thrust line. When the effective stress 
parameter c' is greater than 0, the line of thrust may be located slightly below the bottom third-points of the 
slices in a tensile zone (active condition), while in a compressive zone (passive condition), the thrust line is 
located slightly above the bottom third-points of the slices. This option is executed by assigning 
appropriate values on Record Number 9 to the computer parameters ETAC and ETAT, respectively. 
Thrust-line coordinates are then generated by the program. 
The amount of data printed from the computer program is controlled by the routing parameter, 
GIMPO. Three options are available when only one shear surface is analyzed, that is, when GSEARC is 
assigned a value of 0. A limited amount of data is printed when GIMPO is set equal to 0. These data 
include all coded data and the factor of safety pertaining to each iteration. If GIMPO is assigned a value of 
1, then all coded data, the factor of safety pertaining to each iteration, a table of side-force calculations 
corresponding to the last iteration, and a table of geometric data are printed. When GIMPO is set equal to 
2, detailed information is printed. The printed information includes all coded data, the factor of safety 
corresponding to each iteration, a table of side-force calculations pertaining to each iteration, and a table of 
geometric data. Table 4 is a typical set of printed coded data. These data include properties of each soil 
layer and x- and y-coordinates of the ground surface, soil boundary surfaces, shear surface, and ground 
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Figure 4. Location of x- andY· Coordinates of the Thrust Line. 
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Figure 5. Location of the Thrust Line Using the Parameter ETA. 
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TABLE 4. TYPICAL PRINTOUT OF X- AND Y-COORDINATES OF ALL BOUNDARY LINE 
DATA AND THE SOIL PROPERTIES OF EACH LAYER 
•==·=========================================================·================= 
COORDINATES OF GROUND LINE 
X y 
0.0 90.000 
20.000 90.000 
40.000 90.000 
220.000 30.000 
240.000 30.000 
-------------------------------------------------------------------------------
LAYER NUMBER 
COHESION 
PHI (DEGREES) 
UNIT WEIGHT 
RU FACTOR 
1 
0.0 
30.00000 
0.13000 
o.o 
COORDINATES OF LAYER BOUNDARY LINE 
X y 
0.0 
240.000 
10.000 
10.000 
COORDINATES OF ASSUMED 
LINE OF THRUST 
X y 
THRUST LINE PARAMETER USED---ETA~ 0.33 
END BOUNDARY FORCES 
EA a 0.0 
EB a 0.0 
TA • 0.0 
TB • 0.0 
COORDINATES OF POINT ON CROSS SECTION FROM WHICH ALL GRID RADII INITIALLY START 
XE• 220.00 
YE• 30.00 
PROGRAM WAS REQUESTED TO SOLVE ONLY ONE CIRCLE 
10 
water or piezometric surface. Table 5 illustrates typical side-force calculations. Table 6 is a summary of 
geometric calculations. 
When GSEARC is set equal to I, the fonnat of printed data is fixed. In this case, GIMPO has no 
meaning. Printed data includes Table 4; a table summarizing the minimum factors of safety at each search 
grid point, and geometric data, as illustrated in Table 7; search grid coordinates and corresponding 
minimum factors of safety, as shown in Table 8; and the minimum factor of safety obtained from the search 
analysis, as shown in Table 9. 
PROPERTIES OF SOIL LAYERS 
Properties of each layer of soil are contained on Record Number 4 as follows: 
CO(M) PID(NL) WT(NL) RU(M) YEL(M,N) 
where CO(NL) or CO(M,NL) = effective or total stress parameter, cohesion ,(c'), of each soil layer; also, 
the undrained shear strength parameter, Su; 
PID(NL) =effective or total stress parameter, angle of internal friction (ljl'), of each soil layer; 
WT(NL) = total unit weight of each soil layer (y) 
RU(M) = pore pressure ratio, ru (the ratio of the pore pressure at a given point in the soil layer to 
the total overburden pressure at the given point) of each soil layer (options associated 
with this parameter are described below); and 
YEL(M,N) = elevation of the saturated undrained shear strength, Su, at a given point in a soil layer. 
Shear strength(s) of each soil is defined in terms of the Mohr-Coulomb-Terzaghi strength criterion, 
s = c' + (cr- u) tan ljl', 
where c'= cohesion of the soil, 
<!>'= angle of internal friction of the soil, 
cr = total normal stress acting on the shear surface, and 
u = pore water pressure acting on the shear surface. 
When the strength of a particular layer is expressed in terms of total stress parameters, the values of <1> and c 
are total stress shear strength parameters. Pore pressures within the particular layers are specified as zero. 
The values, c', <j>', y, and u, used for each slice are values applied at the midpoint of the base of each slice. 
If an effective stress analysis is specified, values of <I>' and c' are effective stress strength parameters and an 
appropriate method of representing the pore pressures is selected as described below in the section entitled 
"PORE-WATER PRESSURE AND ru DATA." Two different methods of entering soils data are available. 
The method selected will depend on the particular problem to be solved by the user. Details of the two 
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TABLE 5. TYPICAL PRINTOUT OF INTERSLICE SIDE-FORCE DATA 
--------------------------------------------------------------------·-----------------------------------------FACTOR OF SAFETY BY ITERATION 
FZERO • 1.3690 THE VERTICAL,INTERSLICE SHEAR FORCES,T,WERE ASSUMED EQUAL TO ZERO IN COMPUTING FZERO. 
NUMBER OF ITERATIONS NECESSARY • 5 
ITER• 0 FACTOR OF SAFETY• 1.3690 
ITER• 1 FACTOR OF SAFETY• 1.6028 
ITER• 2 FACTOR OF SAFETY• l. 6139 
ITER• J FACTOR OF SAFETY• l. 6246 
--------------------------------------------------------------
ITER• 4 FACTOR OF SAFETY• 1.6231 
-------------------------------------------------------------------------------------------------
ITER• 5 FACTOR OF SAFETY• 1. 6240 ----------------------------------------------------------------------------------------------------
CALCULATIONS YIELDING FACTOR OF SAFETY 
ITERATION 5 .... 
N 
SLICE HORIZONTAL DELTA E DE/DX VERTICAL DELTA T DT/DX DQ/DX B NALPHA A TAU SIGMA RESULT VERT. 
NO. THRUST--£ TIIRUST-T FORCE-ZZ F.S. 
l 6.00 2.58 0.0 o.o 5.10 -4.47 o.o 5.61 0.52 4.93 1.13 2.88 8.47 o.o 
2 8.58 4.85 -4.48 5.10 -3.20 -4.49 o.o 9.01 0.52 6.77 1.55 4.9& 12.11 o.o 
3 13.43 6.24 -4.51 1.90 -4.44 -4.53 o.o 11.10 0.52 7.89 1.81 6.24 20.12 o.u 
4 19.67 7.52 -4.55 -2.54 -5.59 -4.58 o.o 12.99 0.52 8.89 2.04 7.40 "29.47 o.o 
5 27.19 8.78 -4.62 -8.13 -6.70 -4.66 o.o 14.87 0.52 9.88 2.27 8.55 40.74 II e 
6 35.97 10.04 -4.70 -14.83 -7 7Q -4.74 0.0 16.72 0.52 10.8& 2.49 9.70 <' 
7 46.po 11.28 -4.79 -- 0 0 18.56 0.52 11.82 2. 71 '" 8 57.29 12.52 -- ..... n " 1' ..,, 
9 69.81 .... ~ ... -· ·- . '. o.o 
10 "- -16.97 2.66 3.15 u •• _.vi 39.48 o.o -- 3.02 -14.31 2.43 2.90 0.0 o.u ...... _ __ ...... , .ul 11.47 31.99 o.o -5.77 2.78 -11.88 2.22 2.67 o.o o.o 1.00 9.37 &.22 10.10 25,31 o.o 
19.08 -5.00 2.56 -9.67 2.02 2.46 o.o o.o 1.00 8.12 5.39 8.75 19.44 "o.o 
72 14.08 -4.25 2.37 -7.65 1.84 2.29 o.o o.o 1.00 6.90 4.58 7.43 14.34 o.o 
73 9.8] -3.51 2.21 -5.80 1.67 2.14 o.o o.o 1.00 5.70 3.79 6.15 10.01 o.o 
74 6.32 -2.80 2.08 -4.13 1.52 2.03 o.o o.o 1.00 4.54 3.01 4.89 6.44 o.o 
75 ].52 -2.10 1.99 -2.61 1.37 1.96 o.o o.o 1.00 3.41 2.26 3.67 3.59 o.o 
76 1.43 -1.42 1.93 -1.24 0.00 1.92 o.o o.o 1.00 2.31 1.54 2.49 1.45 o.o 
------------------------------------------------------------------------------------------------------------------------------------
CONVERGENCE WAS OBTAINED. 
TABLE 6. TYPICAL PRINTOUT OF CROSS-SECTIONAL, GEOMETRICAL DATA 
------------------------------------------------------------------------------------------------------------------------------------CROSS SECTION DATA 
SLICE SLICE SLICE AREA WEIGHT PORE X-COORD X-COORD Y-COORD Y-COORD Y-COORD Y-COORD Y-COORD TANGENT TANGENT HEIGHT HElbHT 
NO. LAYER WIDTH OF OF PRESS AT AT OF OF OF OF OF SHEAR THRUST TO OF 
SLICE SLICE SLICE SLICE GRDLINE GRDLINE SHEAR SHEAR THRUST SURFACE LINE THRUST SLIC~ 
SIDE CENTER AT AT SURFACE SURFACE LINE LIN~ SIDE 
SLICE SLICE AT AT AT 
CENTER SIDE. SLICE SLICE SLICE 
CENTER SIDE SIDE 
J L DELX A w u xss XC YCG YSSG YCF YSSFF YSSTH TANA TANAT HT z 
1 3 !.59 7.49 15.74 3.46 19.50 20.29 50.50 50.50 45.79 46.90 48.09 -1.400 -1.132 1.19 3.60 
2 3 !.59 10.21 21.43 4.72 21.09 21.88 49.98 50.45 43.56 44.67 46.58 -1.400 -1.13l 1.91 5.77 
3 3 1.59 12.26 25.75 5.67 22.68 23.47 49.05 49.51 41.34 42.45 44.78 -1.400 -1.132 2.33 7.07 
4 3 !.59 14.32 30.07 6.62 24.27 25.06 48.11 48.58 39.11 40.22 42.98 -1.400 -1.132 2.76 6.3b 
5 3 !.59 16.37 34.38 7.57 25.86 26.65 47.18 47.65 36.88 38.00 41.18 -1.400 -1.132 3.16 9.65 
6 3 1.59 !8.25 38.33 8.44 27.45 28.24 46.25 46.71 34.77 35.77 39.38 -1.101 -o.932 3.61 10.94 
7 3 1.59 19.15 40.22 8.85 29.04 29.83 45.31 45.78 33.27 34.02 37.90 -0.943 -o.826 3.86 !l.76 
8 3 1.59 20.05 42.11 9.27 30.63 31.42 44.38 44.85 31.77 32.52 36.59 -0.943 -0.626 4.07 12.33 
9 3 !.59 20.95 44.00 9.69 32.22 33.01 43.45 43.91 30.27 31.02 35.27 -0.943 -o.826 4.26 12.90 
10 3 !.59 21.86 45.90 10.10 33.81 34.60 42.51 42.98 28.77 29.52 33.96 -0.943 -0.826 4.44 13.46 
11 3 !.59 22.76 47.79 10.52 35;40 36.19 41.58 42.05 27.27 28.02 32.65 -0.943 -0.826 4.63. 14.03 
12 3 1.59 23.66 49.68 10.94 36.99 37.78 40.65 41.11 25.77 26.52 31.34 -0.943 -0.8l6 4.b2 14.60 ..... 13 3 1.59 24.56 51.57 11.35 38.58 39.37 39.71 40.18 24.27 25.02 30.02 -0.943 -o.826 5.00 15.16 w 
14 2 1.59 25.46 53.47 5.04 40.17 40.96 38.78 39.25 22.77 23.5l 28.71 -0.943 -0.'82b 5.19 15.73 
15 2 !.59 26.36 55.36 5.22 41.76 42.55 37.85 38.31 21.27 22.02 27.40 -o.943 -o.82b 5.38 lb.JU 
16 2 !.59 27.26 57.25 5.40 43.35 44.14 36.91 37.38 19.77 20.52 26.08 -0.943 -o.826 5.56 16.86 
17 2 1.59 28.16 59.14 5.58 44.94 45.73 35.98 36.45 18.27 19.02 24.77 -0.943 -o.826 5.75 17.43 
18 2 !.59 29.06 61.04 5.76 46.53 47.32 35.05 35.52 16.77 17.52 23.46 -0.943 -0.826 5.94 us.uu 
19 2 1.59 29.97 62.93 5.94 48.12 48.91 34.12 34.58 15.27 16.02 22.14 -0.943 -o.826 6.13 18.56 
20 2 1.59 30.87 64.82 6.12 49.71 50.50 33.18 33.65 13.77 14.52 20.83 -0.943 -0.826 6.31 19.13 
21 2 !.59 31.77 66.71 6.29 51.30 52.09 32.25 32.72 12.27 13.02 19.52 -o. 943 -o.826 6.50 19.70 
22 2 1.59 32.67 68.60 6.47 52.89 53.68 31.32 31.78 10.77 11.52 18.21 -0.943 -0.826 6.69 20.26 
23 4 !.59 34.17 71.75 4.11 54.48 55.27 30.38 30.85 8.89 10.02 16.89 -1.422 -1.147 6.87 20.83 
24 4 !.59 36.30 76.22 6.38 56.07 56.86 29.45 29.92 6.62 7.76 15.07 -1.429 -1.151 7.31 2l.l6 
25 4 1.59 37.39 78.52 8.00 57.66 58.45 28.52 28.98 5.00 5.49 13.24 -o.306 -o.398 7.75 23.50 
26 4 !.59 35.91 75.40 8.00 59.25 60.04 27.58 28.05 5.00 5.00 12.61 o.u -0.194 7.61 23.05 
27 4 1.59 34.42 7?. ?Q 7_A4 60.84 61.63 26.65 27.12 5.00 5.00 12.30 o.o -o.194 7.30 22 , .. 
28 4 1-~" J.O.~.l ... ou r'1 12 25.72 26.18 5.00 5.00 11.99 0.0 -o.194 • o· ·•' 29 . ... , -- "'· 7R 25.25 5.00 5.00 11.68 o.o -fl ·-· .... :>9 6.32 13.27 3.98 91.05 ~.L ... _ ... c. 4.42 
4 1.59 4.92 10.32 3.09 92.64 93.43 'i.OO 5.00 ll- ~7 - -·~ll 1.17 3.53 11.1 ...... 
48 4 1.59 3.51 7.37 2.21 94.23 95.02 10.00 lO.uu -- u.556 0.372 0.87 2.65 
49 4 !.59 2.11 4.42 1.33 95.82 96.61 10.00 10.00 8.67 8.23 8.82 0.556 0.372 0.58 1.71 
50 4 1.59 0.70 1.48 0.44 97.41 98.20 10.00 10.00 9.56 9.12 9.41 0.556 0.372 0.29 O.H8 
99.00 10.00 10.00 10.00 0.0 o.uo 
TOTAL AREA OF CROSS SECTION ABOVE SHEAR SURFACE - 1055.07 TOTAL WEIGHT OF CROSS SECTION ABOVE SHEAR SURFACE• 2215.65 
------------------------------------------------------------------------------------------------------------------------------------
TABLE 7. TYPICAL PRINTOUT OF FACTORS Of SAFETY AND GEOMETRIC DATA 
OBTAINED FROM SEARCH ANALYSIS 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••a••••••••••••••••••••••••••••••••••••••• 
TRIAL CIRCLE CALCULATIONS 
FACTOR COORDINATES lAD IUS RATIO-MAX. SUBTENDED AREA INTERSECTION COORDINATES DEPTH OF 
OF OF THE OF DEPTH TO ANGLE OF OF TENSION 
SAFETY CENTER OF THE CIRCLE CIRCLE HOR.LENGTH FAILURE GROUNDLINE AND CIRCLE ClACK 
F xo YO RO D:L THETA A XA YA .. YB OTC 
2.206 170.000 255.000 167.765 0.13 59.13 2396.27 70.40 120.00 234.77 100.24 0.0 
1.708 170.000 255.000 17L 765 0.14 63.18 3121.77 63.80 120.00 242.58 99.32 o.o 
1.475 170.000 255.000 175.765 0.16 66.86 3910.68 57.45 120.00 249.92 98.45 o.o 
1.369 170.000 255.000 179.765 0,17 70.23 4761.15 51.30 120.00 256.89 97.63 o.o 
1.572 170.000 255.000 1113.765 0.18 73.73 5675.41 45.32 120.00 264.67 97.50 0.0 
TAN 1.628 170.000 255.000 184.990 0.18 74.77 5968.47 43.52 120.00 267.03 97 .so o.o 
2.268 175.000 255.000 167.362 0.12 58.28 2226.88 76.08 120.00 237.83 99,88 0.0 
I. 707 175.000 255.000 171.362 0.13 62.42 2941.60 69.45 120.00 245.79 96.94 o.u 
1.462 175.000 255.000 175.362 0.15 66.16 3718.90 63.08 120.00 253.24 98.0tl o.u 
1.339 175.000 255.000 179.362 0.16 69.76 4559.48 56.91 120.00 260.82 97 .so o.o 
1.564 175.000 255.000 183.362 0.17 73.39 5466.57 50.92 120.00 268.89 97.50 o.o 
TAN 1.651 175.000 255.000 184.990 0.17 74.77 5853.91 48.52 120.00 272.03 97.50 0.0 
2.245 180.000 255.000 167.108 0.11 57.58 2081.83 81.51 120.00 241.16 99.49 0.0 
1.682 180.000 255.000 171.108 0.13 61.78 2787.94 74.87 120.00 249.25 98.53 o.o 
1.428 180.000 255.000 175.108 0.14 65.58 3556.22 68.48 120.00 256.81 97.64 0.0 
1.327 180.000 255.000 179.108 0.15 69.52 4390.98 62.29 120.00 265.2& 97.50 o.o 
1.599 180.000 255.000 183.108 0.16 73.17 5292.79 56.29 120.00 273.39 97.50 0.0 
TAN 1.669 180.000 255.000 184.990 0.16 74.77 5739.32 53.52 120.00 277.03 97.50 o.o 
2.207 185.000 255.000 167.003 O.ll 57.04 1959.63 86.69 120.00 244.76 99.06 0.0 
1.656 185.000 255,000 171.003 0.13 61.29 2660.20 80.04 120.00 252.96 98.09 ·0.0 
1.436 185.000 255.000 175.003 0.14 65.36 3422.76 73.611 120.00 2~1. 29 97.50 o.o 
1.349 185.000 255.000 179.003 0.15 69.42 4255.08 67.45 120.00 270.06 97.50 o.o 
1.652 185.000 255.000 183.003 0.16 73.08 5156.49 61.45 120.00 278.19 97.50 o.o 
TAN 1.729 185.000 255.000 184.990 0.16 74.77 5629.95 58.52 120.00 282.03 97.50 o.o 
2.159 190.000 255.000 167.048 0.11 56.65 1861.75 91.61 120.00 248.69 98.60 o.o 
1.645 190.000 255.000 171.048 0.13 60.94 2557.68 84.96 120.00 257.00 97.b2 o.o 
1.430 190.000 255.000 175.048 0.14 65.41 3319.36 78.57 120.00 266.39 97.50 u.o 
1.378 190.000 255.000 179.048 0.15 69.46 4152.96 72.39 120.00 275.16 97.50 o.u 
1.729 190.000 255.000 183.048 0.16 73.12 5056.67 66.38 120.00 283.28 97.50 0.0 
TAN 1.813 190.000 255.000 184.990 0.16 74.77 5517.13 63.52 120.00 287.03 97.50 o.o 
2.214 170.000 250.000 162. 788 0.13 60.16 2354.90 72.02 120.00 234.02 100.33 o.o 
1.666 170.000 250.000 166.788 0.14 64.26 3070.81 65.51 120.00 241.72 99.42 0.0 
1.476 170.000 250.000 170.788 0.16 67.97 3851.05 59.24 120.00 248.97 98.57 o.o 
1.370 170.000 250.000 174.788 0.17 71.37 4692.16 53.16 120.00 255.8b 97,75 0.0 
1.571 170.000 250.000 178.788 0.18 74.82 5592.87 47.26 120.00 263.32 97.50 o.o 
TAN 1.634 170.000 250.000 179.990 0.18 75.84 5876.20 45.52 120.00 265.60 97 .so o.o 
-------------------------------------------------------------------------------------- ---------------TAN-TRIAL CIRCLE IS TANGENT TO BOTTOM LAYER LINE 
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TABLE 8. TYPICAL PRINTOUT OF SEARCH GRID COORDINATES AND CORRESPONDING 
MINIMUM FACTOR OF SAFETY AT EACH GRID POINT 
255.0 
250.0 
245.0 
240.0 
235.0 
230.0 
225.0 
TRIAL CIRCLE CENTER GRID SYSTEM 
COORDINATES NOT TO SCALE 
MINIMUM SAFETY FACTOR AT EACH GRID POINT 
170.0 175.0 180.0 185.0 190.0 
1.369 1.339 1.327 1. 349 1. 378 
1.370 1.340 1.317 1.330 1.380 
1.372 1.340 1.319 1.332 1.377 
1.364 1.344 1.317 1.323 1.359 
1.367 1.349 1.330 1.328 1.365 
1.371 1.354 1.333 1.323 1.350 
1.343 1.364 1.342 1.331 1.357 
TABLE 9. TYPICAL PRINTOUT OF MINIMUM FACTOR OF 
SAFETY OBTAINED FROM A SEARCH ANALYSIS 
·================================================ 
MINIMUM SAFETY FACTOR FROM GRID SEARCH= 
X-COORDINATE OF CRITICAL CIRCLE,XO = 
Y-COORDINATEOF CRITICAL CIRCLE,YO • 
RADIUS OF CRITICAL CIRCLE ,RO • 
LENGTH TO DEPTH RATIO OF CIRCLE,D:L = 
15 
1.317 
180.000 
250.000 
174.111 
0.151 
methods are described as follows. 
METHOD 1: SOIL PROPERTIES OF EACH LAYER·· normal case 
Typically, in many problems, the user may wish to describe the soils properties c',l!>'. 'Yt· and ru of 
each soil layer. Corresponding computer variable names are CO(L,M), PHJ(L), WT(L), and RU(L), 
respectively. The usual data setup for a typical case, Figure 6, is shown in Table 10. For each soil layer, a 
set of values for ~!>', c', 'Yt· and ru is entered. Since there are four layers, then four sets of data (Record 
Numbers 4.1, 4.2, 4.3, and 4.4) are entered. Layer 1lies between the groundline and boundary Layer I. 
Layer 2 lies between boundary Layers 1 and 2. Layer 3 lies between boundary Layers 2 and 3. Layer 4 
lies between boundary Layers 3 and 4. 
Properties of the soil or rock lying below boundary Layer 4 do not have to be specified. The 
computer program does not solve for shear surfaces passing below boundary Layer 4 (or the bottom most 
boundary layer line). When the properties of each soil layer are described using~!>', c', 'Yt· and ru, values of 
the parameter YEL(L,M) are entered as zero. At the end of the soil properties data set, a value of 999 
(Record Number 4.5 in this example) is inserted when the batch mode is used. This number is used in the 
computer program to terminate reading of soil properties records. In the interactive mode, the value 999 
does not have to be inserted. 
METHOD 2: VARIATION OF SATURATED UNDRAINED SHEAR STRENGTH 
WITH ELEVATION 
Variations of the saturated undrained shear strength, Su• with depth (or elevation) are specified in 
terms of the variable CO(L,M) and corresponding elevations, YEL(L,M). As shown in Figure 7, when the 
data is entered in this manner, the computer program interpolates a value of undrained shear strength from 
the Su -elevation curve for the ith slice (or for each slice). Where the unit weight of soil is constant within 
a given depth range, values of CO(L,M) and YEL(L,M) are entered for that depth range. If the entire 
foundation stratum has a constant unit weight, as illustrated in Figure 7, then the profile values CO(L,M) 
and YEL(L,M) are entered as shown in Table 11, a typical data set for the example in Figure 7. In this 
case, the stratum need not be divided into several layers, as shown in Figure 8. However, the stratum may 
always be subdivided into layers as illustrated in Figure 8. The technique illustrated in Figure 7 reduces the 
amount of shear strength data and the number of x- and y-coordinates required when the stratum is divided 
into numerous layers. If the unit weight of the soil stratum changes for different depth ranges, then the 
stratum must be divided into separate soil layers, as illustrated in Figure 9. Values of CO(L,M) and 
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Figure 6. Method of Assigning Strength Data to Individual Layers. 
TABLE 10. TYPICAL DATA SETUP OF SOIL PROPERTIES--METHOD 1 
========================================================== 
co (1 '1) PHI (1,1) WT (1) RU (1) 
co (2,1) PHI (2,1) WT (2) RU (2) 
co (3 '1) PHI (3,1) WT (3) RU (3) 
co (4 '1) PHI (4 '1) WT (4) RU (4) 
999 
----------------------------------------------------------
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Figure 7. Method of Entering Shear Strength Data When the Unit Weight Is 
Constant with Depth and cf> Equal to 0. 
TABLE 11. TYPICAL DATA SETUP OF SOIL PROPERTIES WHEN THE 
UNIT WEIGHT IS NOT CONSTANT WITH DEPTH 
================================================a====•==========••a==== 
co (1, 1) PHI (1,1) WT (1) RU (1) 
co (2,1) WT (2) YEL (2, 1) 
co (2,2) YEL (2,2) 
co (2,3) YEL (2 ,3) 
co (2,4) YEL (2,4) 
co (2,5) YEL (2,5) 
co (2,6) YEL (2,6) 
999 
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YEL(L,M) are entered as shown in Table 12. As shown in Figure 9, a proflle of values of Su as a function 
of elevation (YEL) may be entered for each soil layer. When entering the elevations of corresponding 
values of Su for a given soil layer, the values of Su-elevation at the top of a soil layer (elevation of the top 
boundary line of the layer) and values of Su-elevation at the bottom of a soil layer (elevation at the bottom 
boundary line of the layer) must be entered. Otherwise a portion of the soil strength of the layer would be 
undefmed. For the case where more than one soil layer is involved, as illustrated in Figure 9, values of Su-
elevation common to adjacent soil layers must be entered twice. Data entry for the example in Figure 9, 
which illustrates this case, is given in Table 12. The values of Su-elevation at the bottom of Layer I (which 
lie on the boundary line between the two layers) are the same as the values at the top of Layer 2 in the 
example. 
When soil boundary interfaces are not horizontal, as shown in Figure 10, the profile of values of Su-
elevation must be entered for the full distance (deepest part) of the soil stratum or strata. However, it is 
better to subdivide the foundation into layers as illustrated in Figure 10 using horizontal lines. Values of 
Su-elevation are entered for Layers 2 and 5. Values of~. c, and Yt are entered for Layers 3 and 4. Table 13 
illustrates the manner of coding the soils data in Figure 10. When CO-YEL data are entered in the form 
shown in Tables 12 or 13, the computer program automatically enters the Method 2 mode. No optional 
gimmick is needed to direct the program to enter the Method 2 mode. 
PORE-WATER PRESSURE AND r u DATA 
Pore pressures must be described for all soils in which the effective stress parameters cj)' and c' are 
used to obtain the effective normal stresses acting at the bases of slices. Pore-pressure problems, according 
to Bishop and Bjerrurn (12), may be divided futo two main classes: 
CLASS 1. Pore pressure is a dependent variable controlled by the magnitude of the stresses acting 
in the soil or tending to lead to instability. Problems of this type may involve the rapid construction in or 
excavation of low-permeability soils. 
CLASS 2. Pore pressure is an independent variable and does not depend on the magnitude of the 
total stresses acting in the soil. In this case, pore pressures are controlled by the ground-water level or by 
the flow pattern of the ground water. 
There are four methods, or options, in the computer program that handle the two classes of 
problems. These methods are described below. 
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TABLE 12. TYPICAL DATA SETUP OF SOIL PROPERTIES WHEN THE 
UNIT WEIGHT IS NOT CONSTANT WITH DEPTH 
======================================================================= 
co (1 '1) PHI (1,1) WT (1) RU (1) 
co (2,1) WT (2) YEL (2 '1) 
co (2,2) YEL (2,2) 
co (2,3) YEL (2,3) 
co (3,1) WT (3) YEL (3,1) 
co (3,2) YEL (3,2) 
co (3,3) YEL (3,3) 
co (4,1) WT (4) YEL (4,1) 
co (4,2) YEL (4,2) 
co (4,3) YEL (4. 3) 
999 
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Figure 10. Method of Subdividing Foundation into Layers When the Interfaces 
between Strata Are not Horizontal. 
TABLE 13. TYPICAL DATA SETUP OF SOIL PROPERTIES WHEN THE 
UNIT WEIGHT IS NOT CONSTANT WITH DEPTH AND 
BOUNDARY INTERFACES ARE NOT HORIZONTAL 
===================================·=================================== 
co (1,1) PHI (1,1) WT (1) RU (1) YEL (1,1) 
co (2 ,1) WT (2) YEL (2,1) 
co (2 ,2) YEL (2 ,2) 
co (2,3) YEL (2,3) 
co (2 ,4) YEL (2 ,4) 
co (3,1) WT (3) YEL (3,1) 
co (4 ,1) WT (4) YEL (4 '1) 
co (5,1) WT (5) YEL (5,1) 
co (5,2) YEL (5,2) 
co (5,3) YEL (5 ,3) 
co (5,4) YEL (5,4) 
co (5,5) YEL (5. 5) 
co (5 ,6) YEL (5. 6) 
999 
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Option 1. 
Pore pressure in a given soil layer may be defined by a pore pressure ratio, ru· This dimensionless 
parameter is the ratio of the pore pressure u to the vertical stress av of soil above the element considered 
(see Figure 11), 
ru = u!av = u!Yths (1) 
where Yt = total unit weight of soil above the element and 
hs = height of soil above the element. 
The ru ratio was first used by Daehn and Hilt (13) as a means of expressing the results of the stability 
analysis of four earth dams. Bishop (6) showed that, for a constant value of ru, the relationship between the 
factor of safety and ru is almost linear. Later work by Bishop and Morgenstern (14) showed that, for both 
classes of problems, the pore-pressure ratio is a very convenient means of expressing the influence of pore 
pressure on stability. 
For Class I problems, the ru ratio is obtained either from field measurements of pore pressures or 
estimates from triaxial tests and consolidation theory as described by Bishop and Bjerrum (12) and Bishop 
and Henkel (15). In the latter case, an estimate of the stress distribution within the soil must be made. In 
Class 2 problems, the ru value is obtained from a flow net; it is expressed as an average value. Details of 
this technique have been given by Bishop and Morgenstern (14). 
In the computer program, each soil type or layer may have only one value of ru· When Method I is 
used to defme the pore pressure in a given layer, the value of ru must be some real number less than 1.0. 
This value is entered on Record Number 5 as described above in the section entitled "Properties of Soil 
Layers." 
Option 2. 
Pore pressure in a given soil type or layer may be defined by piewmetric lines, as shown in Figure 
12. This method is convenient to use when piewmeters are used to obtain pore pressures. However, both 
Class 1 and 2 problems may be solved using this method. Pore pressures are obtained as described in 
Method 1. As shown in Figure 12, each soil layer may have only one piewmetric line. Each piezometric 
level is approximated by straight line segments and x- andy-coordinates. 
For example, the pore pressures in Layer 2 of Figure 12 are described by the x- andy-coordinates of 
Points a, b, c, d, and e. The x- and y-coordinates of Points f, g, h, and i are piezometric coordinates that 
describe the pore pressures in Layer 3. When the trial shear surface passes through a soil layer where the 
pore pressures are defined by piezometric coordinates, the pore pressure for each slice of the unstable mass 
22 
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is calculated by multiplying the vertical distance between the shear surface of the slice and the appropriate 
piezometer line by the unit weight of water as shown in Figure 13. As shown in Figure 12, the pore 
pressure Ui at the base of slice i is equal to the vertical distance hw times the unit weight of water, Yw· or 
(2) 
Whenever Method 2 is used to define pore pressure in a layer, the value of ru for that layer is set equal to 
1.5 on the soils properties data Record Number 5 and the appropriate x- and y-piezometric coordinates are 
entered on Record Number 10 as described below (see "COORDINATE SYSTEM"). 
Both Options 1 and 2 may be intermixed. For example, pore pressures in one soil layer may be 
defined by a ru·value while pore pressures in another layer may be defined using x- and y-piezometric 
coordinates. 
Option3. 
Pore pressures may be defined using an infmitely sloping ground-water table or phreatic surface, as 
illustrated in Figure 14. In this option, the ground-water level is approximated by x- and y-coordinates 
defining straight-line segments. Pore pressure, ui, at the base of each slice is computed from 
Ui = hp Yw = hi Yw cos2j (3) 
where hp =pressure head, as shown in Figure 14, 
Yw =unit weight of water, 
i = gradient, or angle between a horizontal line and the ground-water line, and 
hi= vertical distance between the surface of the ground-water table and the shear surface, as shown 
in Figure 14. 
Pore pressures for the flow net in Figure 14 may be computed using Option 3. This method applies to 
Class 2 problems where pore pressures are independent of the magnitude of the total stresses acting in the 
soil. 
To execute Option 3, the first value of ru (Record Number 5.1) of the ftrSt soil layer (see section on 
"SOIL PROPERTIES") is set equal to a real number, 2.5. All values of ru for subsequent soil layers are 
left blank or set equal to 0. The ground-water table is approximated using x- and y-coordinates defming 
straight-line segments. The coordinates are entered in a manner described below (see the section entitled 
"COORDINATE SYSTEM"). When Option 3 is used, Options 1 and 2 cannot be used. 
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Option 4. 
Pore pressures may be defmed by assuming or specifying a piezometric line, Figure 15. This 
method primarily applies to Class 2 problems. The ground-water table is described by x- andy-coordinates 
defining straight-line segments. The coordinates are entered on Record Number 11 as described below in 
the section entitled "COORDINA1E SYS1EM". As shown in Figure 15, pore pressures, ui, acting at a 
point on the base of each slice are computed from the equation 
ui =hi Yw (4) 
where hi = vertical head of water between base of slice and ground-water table at the center of the slice. 
To execute Option 4, the first value of ru of the first soil layer (Record Number 5.1) is set equal to a real 
value, 3.5. 
COORDINATE SYSTEM AND METHOD OF DESCRIBING SLOPE GEOMETRY 
The method used in the computer program to describe the geometry of a slope and the arrangement 
of the soil types comprising the slope is illustrated in Figure 16. Only two-dimensional problems can be 
solved by the computer program. All geometry of the slope is defmed by x- and y-coordinates and line 
segments. The slope should face to the right as shown in Figure 16. The x-coordinate direction must be 
horizontal and increase positively from left to right. The y-coordinate direction is vertical and must 
increase positively from bottom to top. The origin of the coordinate system is located to the left and below 
the slope. 
The entire cross section is approximated by straight line segments. This applies to the groundline 
surface, layer boundary interfaces, water table surface or piezometric lines, shear surface and thrust lines. 
The line segments are defined by x- and y-coordinates. The uppermost line segments in the cross section 
are identified in the computer program as the groundline surface. In the example shown in Figure 16, the 
groundline is defmed by x- and y-coordinates of Points a, b, c, d, e, f, and g. Groundline coordinates are 
entered on Record Number 6. Soil layer number 1 in Figure 16 lies between the groundline and line 
segments of boundary number 1. Boundary line 1 in the example is defined by x- and y-coordinates of 
Points h, i, j, and k. Layer 2 lies between boundary layer 1 and 2. Boundary layer number 2 is defmed by 
x- and y-coordinates of Points I, m, n, o, p, and q. Soil layer number 3 lies between boundary layer 
numbers 2 and 3. Boundary layer number 3 is defmed by x- and y- coordinates of Points I, m, p, and q. 
Points I, m, p, and q are common between boundary lines 2 and 3. Soil layer 4 lies between boundary lines 
3 and 4. Boundary layer 4 is defined by x- and y-coordinates of Points r and s. All boundary-line 
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• 
coordinates are entered on Record Number 7. The thrust line is defined by x- and y-<:oordinates of Points 
b, y, z, z', and f. Alternately, the thrust line coordinates may be generated by specifying a ratio, ETA, as 
shown in Figure 16. Thrust line coordinates or the value of ETA are entered on Record Number 9. Water 
table or piezometric lines are defined by x- and y-coordinates of Points t, u, v, e and g in the example. 
Those coordinates are entered on Record Number 10 or 11, respectively. The shear surface is defmed by x-
and y-coordinates of Points b, w, x, o, and f, which are entered on Record Number 8. 
A maximum of twenty five soil layers and layer boundaries may be specified. Line segments of 
different boundary layers, including the groundline surface, may have the same coordinate points. A 
maximum of 25 sets of x- and y-coordinates may be used to define a boundary layer, groundline surface, 
water table, or piezometric surface. Each layer boundary, ground-water table, or piezometer line should 
extend from the left-most groundline coordinate point to the right-most groundline coordinate point. 
Coordinate points should be defmed at sufficient distances to the left and right of the slope so that a trial 
shear surface intersects the ground surface or slope. Vertical slopes may be analyzed. Overhanging slopes, 
as shown in Figure 17, are not permitted. 
END BOUNDARY LOADS 
End boundary loads, as shown in Figure I, are entered on Record Number 12. An example of an 
end boundary load would be the hydrostatic force exerted by a body of water resting against the slope or 
the hydrostatic thrust (EA) exerted by a water-filled tension crack located at the top of the slope. Whenever 
a body of water rests against the upstream or downstream slopes, the end boundary forces are automatically 
calculated by the program. However, the body of water resting against the slope must be treated as a soil 
layer having no shear strength. In this case the unit weight of the water layer is assumed to be 62.4 pounds 
per cubic feet. EA or EB need not be entered. However, for the case involving a water-filled tension 
crack, the end boundary force due to the hydrostatic thrust, EA, must be calculated and entered on Record 
Number 12. 
EARTHQUAKE FORCES 
Earthquake loading is simulated using a psuedo-statical method. The seismic force is assumed to 
act horizontally on each slice in the direction of the failure (away from the slope). The force acting on each 
slice is computed from 
Fi = aWifg = 'I'Wi (5) 
where Fi = horizontal seismic force acting on slice i, 
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Wi = weight of slice i, 
g = acceleration of gravity, 
a= horizontal earthquake acceleration, and 
'I'= seismic coefficient in the region in which the earth structure is located. Values of the seismic 
coefficient have been published elsewhere (16, 17). 
Seismic loading is executed in the program by inserting values for SEMC and HQ on Record 
Number 13. SEMC is the seismic coefficient. HQ, shown in Figure 18, is the ratio of the distance Sq to 
the height of the slice Zq, or 
HQ=SrfZq• (6) 
where Sq = the distance between the elevation of the point of application, Y q• of the seismic force and the 
elevation of the shear surface, Y f (Sq = Y q- Y f) 
Zq = the distance between the elevation of the groundline surface, Y s• and the elevation of the shear 
surface <Zq = Yq- Yf). 
By specifying a value of HQ, the user may locate the earthquake forces at any position on the slices. 
However, the earthquake forces are generally located at the midpoints of the slices; a value of 0.5 is usually 
inserted for HQ. 
SEARCH GRID-PREDETERMINED TRIAL CENTERS 
The user may specify a grid for centers of trial shear surfaces, as shown in Figure 19. The grid is 
rectangular in shape. The rectangular grid is described by two points. The x- andy-coordinates, XST ART 
and YSTART, of the upper left-hand comer of the grid, and the x- andy-coordinates, XFlN and YFIN, of 
the lower right-hand comer must be specified. To establish the number of trial centers of the grid in the 
horizontal direction, the user must specify the width, XDEL, of each increment. The value selected for the 
increment, XDEL, must be such that 
(XFlN- XSTART)/XDEL = m(integer value). (7) 
The number of trial centers of the grid in the vertical direction is established by specifying the width, 
YDEL, of each increment. The value selected for YDEL must be such that 
(YSTART- YFIN)!YDEL = n(integer value). 
The grid of centers specified above may be reduced to a single point by setting 
XSTART = XFlN and YSTART = YFIN. 
(8) 
Generation of trial centers starts from the top, left hand comer (XST ART, YSTART) of the grid and 
proceeds to the right in the x-direction until 
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Trial 
Circles 
• 
XSTART + (m- l)*XDEL = XFIN, (9) 
The integer m is defined by Equation 7. After generating the top row of the trial centers and solving 
for the factors of safety, the program selects the trial centers for the next lower row, as shown in Figure 19. 
Each time a row of trial centers are computed, the program starts at XST ART and moves downward an 
amount YDEL. This operation procedes until 
YSTART- (n- l)*YDEL = YFIN, (10) 
where n is defmed by Equation 8. 
When Equation 10 is satisfied, all trial centers (and safety factors) have been solved. For each trial 
center, the computer program stores the minimum factor of safety and later prints these factors of safety in 
the form of a grid of minimum factors of safety, as shown in Table 8. However, factors of safety for all 
trial circles as well as other geometric data (see Table 7) are printed. Additionally, the program selects and 
prints, as shown in Table 9, the minimum factor of safety of all trial circles obtained from the search-grid 
operation. 
The radius of each trial shear surface is generated by specifying the length of the radius increment, 
RDEL, or (see Figure 19) 
RO = RMIN + RDEL (11) 
where RO = radius at a trial center, 
RMIN = the initial radius, and 
RDEL = the radius increment. 
If XDEL, YDEL, and RDEL are left blank, then the default values for each of these increments is 5.0. 
Information for the search grid is contained on Record Number 14 as follows: 
XSTART YSTART YFIN XFIN XDEL YDEL RDEL. 
INITIAL RADIUS COORDINATES AND ANALYSIS OF INDIVIDUAL SHEAR SURFACES 
To establish an initial radius, RMIN, at a given trial center, the user must specify a point on the 
cross section by the coordinates XE and YE. The intial radius, RMIN, at each trial center is computed as 
shown in Figure 19 as the distance from the center of the circle and the specified point. Additional radii are 
generated from Equation 10. When circular shear surfaces are generated, the starting coordinate point XE, 
YE must never be placed above the groundline. By placing the starting radius coordinate point below the 
groundline, the user can control the depth of shear surfaces and avoid the analysis of shallow shear 
surfaces. 
The radius RMIN at a trial center is incremented until a trial circle intersects the bottom layer 
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boundary. When this occurs, the computer program determines a circle (and corresponding radius) that is 
tangent to the bottom layer boundary, as shown' in Figure 20. If the bottom layer boundary consists of 
several line segments, then the computer program searches until it fmds a circle that is tangent to a line 
segment, as shown in Figure 21. After computing the factor of safety for the tangent circle, the computer 
program procedes to the next trial center of the grid. The minimum factor of safety at each trial center is 
determined and stored. The minimum factor of safety at each trial center is printed as shown in Table 9. 
If the factor of safety of a single circle is required, then only values of XSTART, YSTART, and 
ROl, the value of the known radius, need be supplied. Values of XFIN, YFIN, XDEL, YDEL, RDEL XE, 
and YE are not needed. Information for the starting radius point (XE, YE) and the radius (R01) for a single 
circle is contained on Record Number 15 as follows: 
XE YE R01 DVS 
When performing a search analysis on a slope containing a small vertical line segment(s), a circle 
may intersect the vertical slope and yield a small factor of safety. To avoid this situation, a vertical 
distance, DVS, may be specified. Usually DVS is set equal to the height of the vertical line segment The 
value of DVS is entered on Record Number 15. In the computer program, the slice having the maximum 
height, ZMAX, is determined and compared to DVS. If ZMAX is less than DVS, then the factor of safety 
is not computed, but rather the radius is incremented until ZMAX is greater than DVS. 
TENSION CRACK ANALYSIS 
In cases where embankments are constructed on soft clay foundations, stresses in the upper reaches 
of the potential failure mass may be tensile. A problem arises in the design of embankments on soft 
foundations because it is uncertain as to what portion of the shear strength of the embankment is mobilized 
and may be relied on for stability. Uncertainties arise in the stability analysis because of differences in the 
stress-strain behaviors of the embankment and soft foundation soils. Embankments normally will be 
constructed of compacted soils that will be stiff and overconsolidated. Typically. the stress-strain 
behaviors of the embankment and soft foundation soils may be depicted as shown in Figure 22. The peak 
strength of the compacted embankment soils occurs at a relatively small failure strain while the peak 
strength of the soft foundation soils occurs at a relatively large failure strain. Consequently, if immediate 
settlement occurs, the peak strength of the stiff embankment soil may be mobilized at a relatively small 
strain. At this stage, only a small portion of the shear strength of the foundation soils may be mobilized. 
This situation leads to the development of tensile stresses in the upper zone of the embankment Since soils 
cannot sustain tensile stresses, at least for a prolonged period of time, a tension crack may develop in the 
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embankment If the embankment cracks, a smaller ponion of the shear strength of the embankment may 
contribute to overall stability. Therefore, the use of the peak strength of the embankment in the stability 
analysis may be underconservative if the embankment is prone to crack. Assuming no shear strength for 
the embankment soils may be overconservative since overturning moments are too large. For this case the 
safety factor is too low. 
As shown elsewhere (18, 19), the depth of the tension crack may be expressed as (in terms of 
effective stress) 
Z0 = (2c'/F(l - ru))((1 + sin lj>)/(1 - sin lj>)) 1/2 
where Z0 = depth of tension crack; 
c' = effective stress parameter, cohesion; 
Yt = total unit weight; 
ru = pore-pressure ratio; and 
lj>' =effective stress parameter, angle of internal friction. 
(12) 
Equation 12 allows the maximum depth of the tension crack to be computed at failure (F = 1.0) in 
terms of effective stress or total stress. However, for cases other than failure, that is, when the factor of 
safety is greater than one, the tension crack depth may be computed using the mobilized shear strength 
parameters. The factor of safety, as defined by Bishop (6), is the ratio of the available shear strength of the 
soil to that required to maintain equilibrium. Accordingly, the mobilized shear strength, s, is 
s = c'/F + a' tan lj>'/F (13) 
where F = factor of safety and 
a'= effective normal stress 
and the mobilized strength parameters are tan 'l>m' = tan lj>/F and c'm = c'/F. Substituting the mobilized 
strength parameters into Equation 12, the depth of the tension crack may be expressed as 
Zo = (2c'mfrt(l - ru))((l +sin 'l>'m)/(1- sin.P'm))l/2 (14) 
According to Equations 13 and 14, the depth of the tension crack is a function ofF, Yt· em'• ru, and 
'l>m' . However, the factor of safety and, therefore, the mobilized depth of tension crack is unknown (except 
at failure when F = 1.0). To solve this problem when the factor of safety is greater than one and for a given 
shear surface, that is, to obtain the depth of the crack compatible with the factor of safety, iteration may be 
performed using Equation 14. The iteration is performed on Z0 and F; em'. Yt.ru, and 'l>m' are constant. 
To start the iteration, an intial factor of safety must be assumed. A reasonable intial estimate of the 
factor of safety, F0 , may be obtained by solving the problem assuming no tension crack. Substituting F0 
into Equation 13 and solving yields the first estimate of the depth of tension crack, Z0 . Using Z0 , a new 
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value of the safety factor, F, is computed. The iteration is continued until 
1Zn- Zn-11 < E, (15) 
where E = a selected numerical error. 
The numerical value of E in the computer program is 0.001. A detailed treatment of the tension crack 
problem, as used in the computer program, is given elsewhere (20) and is beyond the scope of this repon. 
Two options are available for performing stability problems involving potential tension cracks. The 
user may specify the iteration scheme described above and allow the computer program to obtain a 
compatible value of tension crack and factor of safety. If the depth of tension crack is known, or estimated, 
then the user can input the tension crack depth. To invoke the first option, a value of 1.0 is input for DTC. 
The second option is executed when the fixed value of the tension crack is inserted for DTCFJX. If DTC is 
specified, the value of DTCFIX is left blank or set equal to 0. When either option is used, the user must 
specify the layer of soil in which the tension crack will develop. The layer number where the tension crack 
occurs is specified by NSOL Y. Pore pressures in the soil layer designated for the tension crack are handled 
by inserting a value of pore-pressure ratio for RURT. Data for the tension crack calculations is entered on 
Record Number 16. 
NUMERICAL APPLICATIONS 
AND 
EXAMPLE INPUT/OUTPUT DATA 
To illustrate the application of the HOPK-I slope stability computer program and model to a variety 
of stability conditions, eighteen slope stability problems were selected and solved. A majority of the 
example problems were chosen from readily available literature. Descriptions and significant features of 
the selected example problems are summarized in Table 14. The example slopes were chosen to test the 
many features of the computer program, to verify the reasonableness of solutions obtained from the 
program, and to illustrate the veiSatility of the program. To establish credibility of the program, factors of 
safety obtained from the HOPK-I slope stability computer program are compared, as shown in Table 15, to 
factors of safety obtained from published sources or/and values obtained using a variety of slope stability 
models and computer programs. 
Slope stability computer programs used to solve many of the example problems included the ICES 
LEASE-I (21), KY -BISHOP (22), REAME (23), STABL (24), and a program based on the Modified 
Swedish Method used by the US Army Corps of Engineers. The ICES LEASE-I, KY-BISHOP, and 
REAME computer programs are based on the simplified Bishop model (6). The ICES LEASE-1 and 
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TABLE 15. FACTORS OF SAFETY OBTAINED FROM DIFFERENT SLOPE STABILITY 
METHODS AND COMPUTER PROGRAMS FOR SEVERAL EXAMPLE PROBLEMS 
-------------------------------------------------~---------------------------------------------------------------------------------I 
I 
I SIMPLIFIED BISHOP I 
I 1--------------------------1 
EXAMPLEIHOPKINSIICES I~Y- I !HAND I MORGENSTERN/ 
NUMBER IHOPK-I !LEASE IBISHOPIREAMEICALC I PRICE 
!MODIFIED I 
!BISHOP I 
I (STABL) I 
1------------1 
!SIMP IBISHOPI 
SPENCER IJANBUI I JANBU 
I 
I 
I I 
IMODIFIEDI I HARDIN 
!sWEDISH I LOWE/ i(siMPLI-1 
i(USCOE) IKARAITHI FlED) IEMSTAB 
I 
I 
I oRDINARY 
I IIETHOD 
I OF 
I SLIC~S 
-----------------------------------------------------------------------------------------------------------------------------------
I 12.184 12.185 I I I I I 11.99612.!83 I I 2.223 I I I it. 999 
2 I !.585 11.569 lt.580 I I I I I I I I L46o- I I I 11.528 
I I I I I I I I I I 11.587 I I I I 
3 11.624 I I I I I I I I I t.6t I I I I I 
4 1!.099 I I I I I I I I I I I I I I 
5 1!.360 1!.373 I I I i(t.4oo-t.402) I (1.384) I I I (!.38- I I !.379 I I I 
I I I I I I I I I I !.41 I I I I I 
6 11.322 1!.326 11.337 II.318l!.I8 I I lt.234lt.322 I I I I I .. 1!.16 
7-A 1!.317 it. 286 I I I I I I I I I I I I I 
-B 11.215 11.232 I I I I I I I I I I I I I 
8 11.251 1!.252 11.260 I I I I 11.0811!.259 I 11.072- I I I I 
I 1(1.226)1 I I I (1.28-!.30) I (!.119) I -- I -- I (NS) 1!.667 I I I I 
9 1!.802 11.78 I I 1!.81 I I I I I I I I !.HI I I 
10 1!.402 I I I I I I lt.284lt.4IO I I I I I I 
II 1!.621 l!t.6IJ I I I I (1.58-!.62) I lt.453lt.649 I I I I I 11.461 
I 1!.618 I I I I I I I I I I I I I 
12 1!.002 I I I I I I lo.88 I -- I I I I I I 
13 II. 58 I I 11.59 I I I I I I I I I I I 
14 11.387 I 1!.385 I lt.3t I I I I I I I I I I 
IS 1!.820 1!.810 I I I I I I I I I I I I I 
16 11.040 11.040 I I I I I I I I I I I I I 
17-A 12.003 l!t.55J I I 1-- I (NS) I (1.88) I I I I I I I (2.03) i(l.HB) 
-B 11.795 1(!.55) I I 1-- I (NS) I (NS) I I I I I I 1(1.79) 1(1.80) 
I I !.466 I I I I I I I I I I I I I !.67S 
18-A 11.410 I 1.2os I I IL25 I I I I I I I I I 11.32 
-B 10.941 I I I lr.oo I I I I I I I I I I 
NOTE: Factors of safety shown in parentheses were obtained from published sources. 
--- .. ---·---------
REAME methods also contain the ordinary method of slices. The ST ABL program is based on the 
simplified Janbu method, although the program has an option to solve stability problems using the 
simplified Bishop model. Other methods used in published sources to solve some of the example problems 
include slope stability models developed by Morgenstern and Price (7), Spencer (8, 9), Lowe and Karafiath 
(25), EMSTAB (26), Janbu (1), and Hardin (10). 
Not all models and slope stability computer programs listed in Table 15 were used to solve all of the 
example problems. However, a sufficient number of comparisons were made to establish the credibility 
and versatility of the HOPK-I model and computer program. The solutions obtained from the HOPK-1 
program, Table 15, were based on the assumption !hat the thrust line (6) falls one-third of the distance from 
the failure surface to the surface of the slope; that is, the parameter ETA was set equal to 0.33. 
Additionally, the trial failure mass in each example was divided into 76 slices, or the parameter NSLICE 
was set equal to 76. All example problems were analyzed using the HOPK-I program. Percentage 
comparisons of factors of safety obtained from the HOPK-I computer model and factors of safety obtained 
from other computer programs and models are shown in Table 16. 
A full description of each example problem is given below. For each problem, a cross section of 
the example slope, soil properties, and data entered into the HOPK·I computer program are illustrated. The 
data illustrations are for the batch mode. Significant features of each example slope are shown in Table 14. 
When solving a given slope stability problem, the user may wish to examine this table to fmd an example 
problem having the same or similar features as the problem to be solved. Having located a similar example 
problem, the user may examine the coded data of the example problem. Coding instructions and formats 
for the HOPK-I program are presented in APPENDICES A and B. The coded data for the example 
problems may be used as a supplementary aid in coding data. Comparisons of factors of safety obtained 
from the HOPK-I and other methods are discussed below. 
EXAMPLE!: HOMOGENEOUS SLOPE 
Results of analyses of a slope composed of homogeneous soils are summarized in Figure 23. In this 
example, the shear surface is circular and the pore pressures are assumed equal to zero. Coded data are 
listed in Table 17. On Record Number I, the values for the input and output utility devices are coded as 5 
and 6. The reader should refer to the coding sheet, APPENDIX A, and the coding instructions, 
APPENDIX B. The number of problems is left blank on Record Number I, that is, the default value(= I) 
contained in the computer program is used since only one problem is submitted. Record Number I is not 
repeated if more than one problem is performed per submission. The number, day, year, and problem 
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TABLE 16. PERCENTAGE DIFFERENCES OF FACTORS OF SAFETY OBTAINED FROM THE HOPK-1 COMPUTER 
HODEL AND FACTORS OF SAFETY OBTAINED FROM OTHER COMPUTER PROGRAMS AND MODELS 
-----------------------------------------------------------------------------------------------------------------------------------I 
I 
I SIMPLIFIED BISHOP I 
I 1--------------------------1 
EXAHPLEIHOPKINSIICES IKY- I !HAND I MORGENSTERN/ 
NUMBER IHOPK-1 !LEASE IBISHOPIREAHEICALC I PRICE 
l I I o.D5 I I I I 
I I I I I I 
2 I l-1.01 1-o.32 I I I 
3 I I I I I I 
4 I I I I I I 
I 
I 
I 
I 
I 
5 I I o.96 I I I 1(2.94 to 3.09)1 
I I I I I I 
6 I I o.3o I !.14 l-o.3ol1o.74l I 
7-A I l-2.35 I I I I I 
-B I I t.4o I I I I I 
8 I I o.o8 I o. 12 I I I I 
!MODIFIED 
!BISHOP I 
I (STABL) I 
1------------1 
!SIMP IBISHOPI 
SPENCER IJANBU I I JANBU 
I-B.61I-o.o5 I 
I I I 
I I I 
I I l-o.86 
I I I 
I. 76 I I I 
I I I 
l-6.661 o.oo I 
I I I 
I I I 
l-13.61 o.64 I 
' 1(-2.00)1 I I 1(2.32 to 3.92)1 (10.55) I I I 
9 l-1.22 I I lo.44 I I I I I 
10 I I I I I I l-8.421 o.57 I 
ll 1(-0.68)1 I I I I l-10.31 !.73 I 
I -o.19 I I I l-2.53 to -0.061 I I I 
12 I I I I I I l-12.21 -- I 
13 I I 10.63 I I 
14 I l-0.14 I l-5.551 
15 l-0.55 I I I I 
16 I o.oo I I I I 
17-A 1-<22.6) I I 1-- I (NS) I (-6.14) I I I 
-B l-13.65 I I I -- I (NS) I (NS) I I I 
l-18.33 I I I I I I I I 
18-A I 14.54 I I I I I I I I 
-B I I I 16.38 I I I I I 
I I I 
I I 
I I I 
IHODIFIEDI I !!ARDIN 
!SWEDISH I LOWE/ l(SIMPLI-1 
l(USCOE) IKARAITHI FlED) IEMSTAB 
I 
!ORDINARY 
I METHOD 
I OF 
I SLICES 
I 1.78 tol I I l-8.47 
l-33.15 I I I I 
I o.IJ I I I l-3.60 
I I I I I 
I I I I I 
I (1.47 I !.40 I I I 
Ito 3.68)1 I I I 
I I I I 1-12.n 
I I I I I 
I I I I I 
l-14.3 I I I I 
Ito 33.3 I I I I 
I I I 0.44 I I 
I I I I I 
I I I I l-9.87 
I I I I I 
I I I I I 
I I I 1(1.35) 1(-6.14) 
I I I lt-0.28)1(0.28) 
I I I I I 
I I I I l-6.38 
I I I I I 
----.--------------------------------------------------------------------------------------------------------------------· NOTE: Percentage differences shown in parentheses were baaed on 
f8ctors of safety obtained from published sources. 
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Figure 23. ·slope Composed of Homogeneous Soils-- Example!. 
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TABLE 17. CODED DATA (BATCH MODE) FOR EXAMPLE NUMBER 1 
·-------------------------------·--·--···-······--·········-····----· 
............. 
5 6 1 Record 1 
81684 EXAMPLE 1; HOMOGENEOUS SLOPE Record 2 
0.0000 76 0 Record 3 
1 1 2 Record 4 
0.0000 30.0000 0.1300 0.0000 0.0000 Recor~ 5.1 
999 o. o. o. o. Record 5.2 
0.000 90.000 Record 6.1 
20.000 90.000 Record 6.2 
40.000 90.000 Record 6.3 
220.000 30.000 Record 6.4 
240.000 30.000 Record 6.5 
999 0. Record b.o 
o.ooo 10.000 Record 7 .1.1 
240.000 10.000 Record 7 .1.2 
999 o. Record 7 .1.3 
0.33 0.00 0.00 Record 9 
o. o. 0. o. Record 12 
o.oo 0.00 Record 13 
160.000 194.000 160.000 194.000 10.000 10.000 10.001 Record 14 
220.000 30.000 175.000 I Record 15 
o.oo 0.00 0 o.oo I Record 16 
-----------------------------------------------------------------------------------
NOTES: 
1. Coordinates of shear surface (Record Number 8} omitted since 
GSEARC equal 1 (Record Number 4); computer program generates 
coordinates of shear surface. Coordinates of trial center of 
circle entered on Record Number 14i radius iB entered on Record 
Number 15. 
2. Piezometric coordinates (Record Number 10) and groundwater 
coordinates (Record Number 11) omitted since the example problem 
involves no pore pressures. 
3. ETA set equal to 0.33 on Record Number 9; thrust line 
coordinates generated by computer program. 
4. Value of RV on Record Number 5.1 set equal to zero 8ince no pore 
pressures occur in the example. 
5. A value of 999 (adjusted to the left in the format field} is 
entered at the end of the soil properties' records, the ground 
line coordinates, each set of layer boundary coordinates, shear 
surface coordinates (when they are entered), thrust line 
coordinates (when they are entered), each aet of piezometric 
coorindates, and groundwater coordinates. 
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identification is entered on Record Number 2. The variables UNITWW, NSLICE, and MAXIT on Record 
Number 3 are left blank (or 0 when the interactive mode is used) since the default values in the computer 
program are used; however a blank line must be inserted at this position in the data to insure proper 
execution of the problem. Choosing to enter x- and y-coordinates of the shear surface, the optional code 
GSEARC on Record Number 4 is set equal to 1. Consequently, shear surface coordinates must be entered 
on Record Number 8. The computer program will generate additional shear surface coordinates between 
those x-coordinates of the shear surface that are entered. Alternately, the program could have been solved 
by setting GSEARC equal to 0. However, grid coordinates (x- and y-coordinates of the center of the 
circles) XSTART and YSTART must be entered on Record Number 14; the radius ROt of the circle must 
be entered on Record Number 15. If this alternate is used, the computer program generates all coordinates 
of the shear surface. The thrust-line coordinates are not entered, but rather these coordinates are generated 
by the computer program. To instruct the program to perform such operations, the variable GIMTH is set 
equal to 1; consequently, a value of ETA must be entered on Record Number 9. The variable GIMPO 
appearing on Record Number 4 is set equal to 1. This command instructs the program to supply a limited 
printout of information. 
Soil properties of the slope are recorded on Record Number 5. Since the pore pressures in the 
example are equal to zero, a value ofru (Record Number 5.1) corresponding to layer 1 is set equal to 0 (or 
left blank). The value of 999 is entered after the values of the soil properties. By entering this value, the 
reading of the soil properties is terminated. Coordinates of the groundline, layer boundary, and shear 
surface and the ETA-value appear on Record Numbers 6, 7, 8,-and 9, respectively. Coordinates of the 
assumed shear surface were computed from the known geometry of the circle. Each of these records is 
followed by a card containing the number 999. Record Numbers 10 and 11 are omitted since there are no 
pore pressures. Since there is no body of water resting against the slope, values of 0 (or blanks} are coded 
for the end boundary loads EA, TA, EB, and TB on Record Number 12. Values of zero are also recorded 
on Record Numbers 13, 14, 15, and 16. 
Limited output data was requested; consequently, side-force computations pertaining to each 
iteration, except the last iteration, were omitted. Printed data are shown in Tables 18 and 19. As shown in 
Table 15, factors of safety obtained from the HOPK-I computer program, the ICES LEASE-I computer 
program (21), the KY-BISHOP computer program (22), and the BISHOP option of the STABL computer 
program (24) were 2.184, 2.185, 2.186, and 2.183, respectively. The values were nearly identical. Factors 
of safety obtained from the simplified Janbu option of the ST ABL program and the ordinary method of 
slices of the ICES LEASE program were 1.996 and 1.999, respectively. These values are about 8.5 percent 
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TABLE 18. PRINTED DATA FOR EXAMPLE NUMBER I 
·········----------------------------····-----------------------·······---------------------------
E~MPLE PROBLEM I 
DATE 8/16/84 
CONTROL AND GIMMICK INPUT DATA 
INPUT DEVICE CODE • 5 
OUTPUT DEVICE CODE • 6 
NUMBER OF PROBLEMS • 1 
UNIT WEIGHT OF WATER 0.0624 (FORCE / CUBIC LENGTH) UNITS OF ALL INPUT-oUTPUT DATA 
NUMBER OF SLICES • 76 
MAX. NO, OF ITERATIONS • 10 
USED IN THE COMPUTER PROGRAM ARE THOSE IMPLIED BY THE 
NUMERICAL VALUE USED FOR THE UNIT WEIGHT OF THE PORE WATER. 
GSEARC • I 
GIHTH 
GIMPO 
COORDINATES OF GROUND LINE 
X 
o.o 
20.000 
40.000 
220.000 
240,000 
LAYER NUMBER 
COHESION 
PHI (DEGREES) 
UNIT WEIGHT 
y 
90.000 
90.000 
90,000 
30.000 
30.000 
I 
2 
I 
A GRID TYPE SEARCH OPERATION WAS PERFORMED TO LOCATE THE 
CRITICAL, CIRCULAR SHEAR SURFACE HAVING THE MINIMUM FACTOR OF SAFETY 
THE VALU• OF ETA WAS INPUT AND USED TO COMPUTE THE HEIGHT 
OF THE INTERSLICE FORCES ABOVE THE SHEAR SURFACE 
LIMITED PRINTOUT OF CALCULATIONS WAS REQUESTED 
0.0 
30.00000 
0.13000 
0.0 RU FACTOR 
COORDINATES OF LAYER BOUNDARY LINE 
X y 
o.o 
240.000 
10.000 
10.000 
COORDINATES OF ASSUMED 
LINE OF THRUST 
X y 
THRUST LINE PARAMETER USED---ETA• 0.33 
END BOUNDARY FORCES 
EA • 0.0 
EB • 0.0 
TA • 0,0 
TB • 0.0 
COORDINATES OF POINT ON CROSS SECTION FROM WHICH ALL GRID RADII INITIALLY START 
X£• 220.00 
YE• 30,00 
PROGRAM WAS REQUESTED TO SOLVE ONLY ONE CIRCLE 
----------------------------------------------------------------------------------------------------
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TAIL! 19 • PUNTED DATA fOI EXAMJ'L! lfUHI!R 1 ........................ __ ............................. -............................................................................................................................................................................................... 
TIIAL CIRCLE CALCULATIONS 
' PACTOR COORDINAT!S IADIUS IATt&-MAX. SUI TENDED .... lNTEISECTION COOIDIIATES DI::PTH o•· 
or OF THE or DEPTH TO ANGLE OF or T£H510H 
SAFm CENTER OF 'I'H! CU.CL! CIRCLE HOR.L!NGTH FAILURE GMOUHDLINE MID CllCLE C&ACX 
r 10 YO 10 D:L 111!TA • .. , . ll Yl ore 
CROSS SECTION DATA 
SLICE SLICE SLICE .... WEIGHT POR! 1-t:OORD 1-cOORD Y•COORD Y·COORD Y·COOUI Y•COOID Y•COOI.D TANGENT T~ENT ltEltoHT HUCHT ... ...... WIDTH or or PlESS AT AT OF OF OF OF OF ..... rtlllUST TO OF 
SLICE SLICE SLICE SLICE GRDLINE CIDLINE SH!AR ..... THRUST SUIFACE LINE THII.UST Sl.lCt. 
SIDE CENTER AT AT SURFACE SUIFACE LINE t.INE SUll::: 
SLICE SLICE AT AT AT 
CENTER SIDE SLICE SLICE SLICE 
CENTER SIDE SIDE 
J L II!LX A w u ISS JC YCG YSSG YCF YSSFF YSSTH TAWA TANAT HT • 
1 1 2,65 4.6] 0,60 0.0 19.26 20.58 to.oo 90.00 88.25 to.oo 90.00 -1.]18 -o.840 o.oo o.oo 
2 1 2.65 13.65 1.77 o.o 21.90 23.23 90.00 90.00 84.85 86.51 87.66 -1.253 -o.¥40 1.15 3.49 
' 1 2.65 22.23 2.89 o.o 24.55 25.88 90.00 90.00 111.61 83.19 85.44 -1.193 -o.aoo 2.25 b.bl • 1 2.65 30.41 3.95 o.o 27.20 28.53 90.00 90.00 78.52 80.03 13.32 -1.139 -o. 763 3.2':' 9.97 
' 1 2.65 38.22 4.97 o.o 29.85 31.17 90.00 90.00 75.57 71.01 11.30 -1.088 -o.729 4.29 12.9':' 6 1 2.65 45.68 5.94 o.o 32.50 33.82 90.00 90.00 72.75 74.13 71.37 -1.041 -o.b97 5.2. 15.87 
' 1 2,65 52.83 6.1!17 0.0 35.15 36.47 90.00 90.00 70.05 71.37 77.52 -o.997 -().6bts 6.15 18.bl • 1 2.65 59.68 7.76 0.0 37.80 39.12 90.00 90.00 67.47 61!1.73 75.75 -o.955 -o.6)!1 7.0:.1. 21.21 • 1 2.65 64,6!1 8.41 o.o 40,45 41.77 89.41 89.85 64.99 66.20 74.01 -o.916 -(), 724 7.80 23.b5 10 1 2.65 68.66 8.92 o.o 43.09 44.42 88.53 88.97 62.61 63.78 72.09 -o.18o -o.69Y 8.31 25.19 
11 1 2.65 72.35 t.41 0.0 45.74 47.07 117.64 88.09 60.33 61.45 70.24 -().845 -o.676 tl.79 26.64 
12 1 2.65 75.83 9.1!16 0.0 48.39 49.72 116.76 87.20 58.13 59.21 68.45 -o.au -o.6)4 !1.24 27.!'9 
13 1 2.65 79.07 10.28 o.o 51.04 52.36 !15.18 86.32 56.03 57.06 66.72 -o. 780 -o.6J3 9.b6 29,26 
14 1 2,65 112.10 10.67 0.0 53.69 55.01 85.00 85.44 54.00 54.!9 65.04 -o.750 -o.612 10.05 30.44 
" 1 2.65 114.92 11.04 0.0 56.34 57.66 84.11 14.55 52.05 53.01 63.42 -(), 721 -().593 10.41 31.55 16 1 2.65 117.54 11.38 o.o 58.99 60.31 83.23 83.67 50.111 51.10 61.85 -o.693 -o.S74 10.75 32.57 
" 1 2.65 19.97 11.70 o.n IJ;I 1;4 62.96 1!12.35 82.79 48.38 49.26 60.32 -o.66b -o.55b U.Ub 33.53 18 1 2.65 92.2' 111.46 111.91 46.65 47.50 5H.85 -o.641 -u.SJ9 11.36 34.41 
19 1 2.fo"' •• 81.02 44.98 45.10 57.42 -().616 -o.522 11.62 .. 
20 -~ 14 43.38 44.17 56.04 -D.592 -u.so .. ,. •• ll'i 42.60 54.70 eoQ, 'lloD 
.. ~.'f.j o.o 151.69 
o.).71!1 11.15 0.0 154.34 155.67 
.t.65 113.56 10.!16 0.0 156.99 151!1.31 50.56 .jl,lJti 
2.65 11.24 10.56 o.o 159.64 160.96 49.68 SO,I:t: ....... o 10.27 31.1:.1. 
" 1 2,65 78.111 10.25 o.o 162.29 163.61 48.80 49.24 19.04 u.021 -o.O':'b !il.97 30.22 56 1 2,65 76.27 !.92 o.o 164.94 166.26 47.91 48.35 19.12 19.07 28.73 0.036 ..Y.Utib 9.6b 29.28 
" 1 2.65 73.63 '·" o.o 167 ·" 168.91 47.03 47.47 19.23 19.16 28.51 U.U51 -o,U76 IJ.34 28.31 .. 1 2.65 70.18 9.21 o.o 170,23 171.56 46.15 46.59 19.39 19.30 28.30 0.066 -().066 9.01 27.:.1.!1 ,. 1 2.65 68.02 .... o.o I72.U 174.21 45.26 45.71 19.58 19.47 28.13 0.081 -(1.055 8.6b 26.23 
60 1 2.65 65.06 8.46 o.o 175.53 176.86 44.38 44.12 19.1!12 19.6!1 27.98 0.097 -o.045 8.29 2!1.13 
61 1 2.65 61.99 .... o.o 1711.111 179.50 43.50 43.94 20.10 19.95 27 .ti6 0,112 -o.OJ5 7.1};,: 23.9!1 
62 1 2.65 51!1.81 7.65 o.o 110.13 182.15 42.62 4],06 20.41 20.24 27.77 0,128 -o.024 7.53 22.81 
63 1 2.65 55.52 7.22 o.o 1113.411 1114.110 41.73 42.17 20.77 20.58 27.71 0.143 -u.014 7.13 21.59 
64 1 2.65 52.12 6.78 0.0 186.13 187.45 40.115 41.29 21.17 20.96 27.67 O.U':' -o.oo4 6.71 20,33 
65 1 2.65 48.61 6.32 0.0 1111.711 190.10 39.97 40.41 21.61 21.311 27.66 0.175 0,007 6,28 llJ,03 
66 1 2.65 45.00 5.85 o.o 111.42 192.75 39.08 39.53 22.10 21.84 27.68 0.191 0.018 5.ts3 17 ,btl 
" 1 2.65 41.26 5.36 o.o 194.07 195.40 38.20 38.64 22.62 22.35 27.73 0.207 0.028 5.3tl 16.29 •• 1 2.65 37.42 4.1!16 o.o 196.72 198.05 37.32 37.76 23.19 22.90 27.110 0.223 0.039 4.90 14.8b .. 1 2.65 33.46 4.35 o.o 199.]7 200.69 36.44 36.118 23.110 23.49 27.90 0.239 0.050 4.42 13,39 
70 1 2.65 29.39 3.12 o.o 202.02 203.34 35.55 35.99 24.46 24.12 28.04 0.256 0.061 3.':'2 11.87 
71 1 2.65 25.20 3.28 o.o 204.67 205.99 34.67 35.11 25.16 24.10 28.20 0,272 0.073 3.40 10.31 
" 1 2.65 20.89 2.72 0.0 207.32 208.64 33.79 J4·.2J 25.90 25.52 28.39 0.289 0.084 2.87 8.71 " 1 2.65 16.46 2.14 o.o 209.97 211.29 32.90 33.35 26.69 26.28 28.61 0.307 0.095 2.33 7.06 " 1 2.65 11.91 1.55 o.o 212.61 213.94 32.02 32.46 27.53 27.10 211.87 0.324 0.107 1.77 5.37 " 1 2.65 7.23 0.94 0.0 215.26 216.59 31.14 31.511 211.41 27.95 29.15 0.342 0.119 1.21.1 3.62 .. 1 2.65 2.43 0.32 o.o 217.91 219.24 30.25 30.70 29.34 28.16 29.47 0.360 0.1S4 0.61 . ... 
2.184 160.000 194.000 175.000 0.20 73.711 5639,18 19.26 90.00 220.56 29.81 o.o 
TA1t-11.IAL CIRCLE IS TANGEHT TO lt01'TOM LAYER LINE 
TRIAL CIRCLE CENTER GUO SYSTEM 
COORDINATES NOT TO SCALE 
MINIHUH SAFETY FACTOR AT EACH GRID POINT 
160.0 
194.0 2.184 
MIRIMUM SAJ'!TY PAC'IOI. FROM QUO SEAJ.C&o 2.184 
J:-tOORDIRATE Of CIITICAL CIICU:,xo 160.000 
Y-cOORDIMAT!OF CltlTICAL CIRCLE,YO 194.000 
RADIUS OF ClliTICAL CIRCLE,IO 175.000 
L!.IGTB. TO O!PTH lATlO or CUCU,D:L 0.201 
IIIli OF IOLUTIOR ................................................................ *"'**•••••*•••••• ................................ ****••••*·········· .......... 
46 
lower than the value obtained from the HOPK-1 model. 
EXAMPLE 2: PARTIALLY SUBMERGED MULTILAYERED SLOPE 
This example illustrates the method of handling a multilayered slope that is partially submerged as 
shown in Figure 24. The example is from Whitman and Bailey (27). The shear surface is circular. Coded 
data for the example is shown in Table 20. On Record Number 4, GIMPO was set equal to 2 (or left 
blank). Therefore, a detailed printout of information was requested; this consists of all coded data, a 
detailed table of cross-sectional data, and the calculations yielding the factor of safety for each iteration. In 
solving this type of problem, the lake is treated as the first layer having weight but no shear strength. The 
water is assigned a unit weight of 62.4 pounds per cubic foot and the cj>' and c' values are set equal to 0. 
These values are coded on Record Number 5. The ground-water level in the example is assumed to be 
approximated by a piezometric level. Therefore, the first value of ru on Record Number 5.1 corresponding 
to the first soil layer is set equal to 3.5 (Pore-Pressure Option 4). Subsequent values of ru are left blank. 
The x- andy-coordinates of the ground-water level are entered on Record Number 12. 
To satisfy equilibrium requirements, the hydrostatic thrust of the water resting against the slope 
must be used in the problem. The thrust, EA, against the slope is calculated by the program and need not 
be entered on Record Number 12. Anytime a body of water is resting against the upstream or downstream 
slope, the program calculates EA or/and EB. Each body of water resting against the slope must be treated 
as a soil layer with weight but no shear strength. The hydrostatic thrust (= 68.0 kips) corresponds to the 
variable EA. 
Results of the various analyses are summarized in Figure 24. The location of the thrust line was 
varied by changing the values of ETA. However, for ETA-values of 0.33 and 0.50, the corresponding 
safety factors were 1.570 and 1.576, respectively -- a difference of about 0.4 percent The safety factor 
obtained from the HOPK-1 program is about 1 percent larger than safety factors obtained from either the 
ICES-LEASE I (Bishop) program or the KY-BISHOP program. The modified Swedish program, based on 
the assumption that the direction of the resultant side forces are parallel to the outer slope, yields a safety 
factor about 0.8 percent higher than the HOPK-I solution and about 2 percent higher than the BISHOP 
solution. If the resultant side forces are assumed to be horizontal, the safety factor obtained from the 
modified Swedish program yields an answer about 6 percent smaller than the BISHOP solution. The 
ordinary method of slices (ICES LEASE) yielded a factor of safety about 3.6 percent smaller than the value 
obtained from the HOPK-I program. 
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Figure 24. Partially Submerged Multilayered Slope-- Example 2. 
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TABLE 20. CODED DATA FOR EXAMPLE 2 
···············~·······························-------··········-----··------------
5 6 
121076 
0.0000 
1 1 
0.0000 
1.5000 
1.0000 
999 
o.ooo 
200.000 
400.000 
500.000 
2000.000 
999 
0.000 
200.000 
400.000 
500.000 
600.000 
2000.000 
999 
0.000 
400.000 
500.000 
600.000 
2000.000 
999 
o.ooo 
2000.000 
999 
0.33 
0.000 
300.000 
500.000 
2000.000 
999 
o. o. 
0.00 
536.000 
136.000 
0.00 
NOTES: 
1 
EXAMPLE 2, HOMOGENEOUS SLOPE 
76 0 
1 
0.0000 
20.0000 
33.0000 
o. 
300.000 
300.000 
200.000 
150.000 
150.000 
o. 
300.000 
300.000 
200.000 
150.000 
100.000 
100.000 
o. 
200.000 
200.000 
150.000 
100.000 
100.000 
o. 
50.000 
50.000 
o. 
o.oo 
250.000 
200.000 
150.000 
150.000 
o. 
o. o. 
0.00 
600.000 
300.000 
0.00 
0.0620 
0.1260 
0.1300 
o. 
0.00 
3.5000 
o.oooo 
0.0000 
o. 
536.000 600.000 
500.000 
0 o.oo 
(After Whitman/Bailey) 
0.0000 
0.0000 
0.0000 
o. 
o.ooo o.ooo 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
o.ooJ 
I 
I 
Record 1 
Record 2 
Record 3 
Record. 4 
Record 5.1 
Record 5.2 
Record 5.3 
Record 5.4 
Record 6.1 
Record 6.2 
Record 6.3 
Record 6.4 
Record 6.5 
Record 6.6 
Record 7.1.1 
Record 7.1.2 
Record 7.1.3 
Record 7 .1. 4 
Recora 7 .1. 5 
Record 7 .1. 6 
Record 7.1.7 
Record 7.2.1 
Record 7.2.2 
Record 7 .2.3 
Record 7.2.4 
Recora 7.2.5 
Record 7.2.6 
Record 7.3.1 
Record 7.3.2 
Record 7.3.3 
Record 9 
Record 11.1 
Record 11.2 
Record 11.3 
Recore 11.4 
Record 11.5 
Record 12 
Record 13 
Record 14 
Record 15 
Record 16 
1. Coordinates of ahear aurface omitted (Record Number 8) aince 
GSEARC equal to 1 (Record Number 4); computer program generates 
coordinates of shear surface. Coordinates of trial center of 
circle entered on Record Number 14; radius is entered on Record 
Number 15. 
2. Piezometric coordinates (Record Number 10) omitted; sroundwater 
coordinates (Record Number 11) entered since RU(1) specified on 
Record Number 5.1. Values of RU on Record Numbers 5.2 and 5.3 
are left blank or aet to zero. 
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EXAMPLE 3: ZONED EARTH DAM ON INCOMPRESSIBLE FOUNDATION 
' 
This example illustrates the method of handling a zoned earth dam located on an incompressible 
foundation as shown in Figure 25. The example is after Janbu (2). The earth dam consists ofa rock flU, 
fllter, and clay core identified in Figure 25 as Layers 1, 2, and 3, respectively. The assumed shear surface 
is non-circular and passes through the core, fllter, and rock flll. A tension crack having a theoretical depth 
of 3.5 meters is assumed to exist in the upper portion of the potential failure mass; the crack is assumed to 
be fllled with water. Consequently, the water in the crack exerts a hydrostatic force <Ea) of 6.0 metric tons 
per meter against the potential failure mass as shown in Figure 25. This force is located at a distance of 
two-thirds of the depth of the crack from the top of the crack. Soil properties of the zones of materials in 
the dam are summarized in Figure 25. 
The objective of the analysis is to estimate the short-term or end-of-construction stability of the dam 
using an effective stress analysis. Pore pressures in the zoned materials must be either estimated (12, 14, 
15) or/and measured. In this particular problem, the pore pressure is a dependent variable controlled by the 
magnitude of the stresses tending to instability (Class I problem). In problems of this type, it is oftentimes 
convenient to use a pore-pressure ratio, Equation I, rather than the actual pore pressure. Since the rock fill 
will drain instantaneously, pore pressures in this material during construction are zero and ru will be equal 
to zero. However, pore pressures will develop in the clay core and fllter during constroction because those 
materials have low permeabilities. The actual pore pressures in the clay core and fllter depend on the initial 
value, u0 , before the stress change is made and on the change in pore pressure, au, due to changes in 
stresses resulting from constroction, or 
(16) 
According to Bishop and Bjerrum (12), in the special case of the construction of earth fill, the average 
value of ao-1, (the change in the major principle stress) along a potential shear surface is approximately 
equal to the vertical overburden pressure, or Ytht. Such approximation leads to another important pore-
pressure parameter, B, which is defmed as 
B = autao-1 = u,lytht· 
From Equation 17, the change in pore pressure may then be expressed as 
au= Bao-1 = Bytht· 
(17) 
(18) 
The pore-pressure parameter B may be determined from laboratory triaxial tests. Such tests have been 
described by Bishop (12, 15). Normally the stress condition followed in these tests is defined by the 
envelope represented by c'/F and (tan ~//F), or the stress increments occurring in the field are closely 
followed in the triaxial test by changing simultaneously the values of AO"J and Ao-3. The safety factor F is 
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Figure 25. Zoned Earth Dam on an Incompressible Foundation -- Example 3 (after 
Janbu (2)). 
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the minimum value acceptable to the designer. Results of the triaxial tests (undrained) are expressed in 
terms of the change in pore pressure, t.u, as a function of the change in the major principle stress. The 
slope of the line of such a plot is B, or as given by Equation 19. Hence, pore pressures that develop during 
construction of a compacted earth fill may be predicted from the pore pressure parameter B. 
Initially, soils compacted at or near optimum moisture content will have degrees of saturation of 
about 85 percent. Hence, B-values of such soils will be low (approximately 0.1 or less). However, as the 
load increases, the air voids compress and the value of B increases. At large loads, the degree of saturation 
will become equal to 100 percent and B will be equal to 1.0. It may be shown that for soils compacted near 
optimum moisture content several hundred feet (200 to 500 feet) of overburden may be required before the 
soils achieve a degree of saturation equal to 100 percent. Therefore, in most field situations, compacted 
embankments will have a value of B during construction, that is greater than zero but less than 1.0. Where 
no dissipation of pore pressures occurs during construction, the pore-pressure ratio r0 may be expressed in 
terms of the pore pressure parameter B as 
ru = u/ytht = (u0 + Bt.cr1)/ytht (19) 
where (from Equations 1 and 16) 
u = u0 + t.u = u0 + B t.cr1. 
Since t.cr1 is approximately equal to 'Ytht, Equation 20 becomes 
ru = (u0 + B'Ytht)/('Ytht) = uontht + B. 
(20) 
(21) 
The initial value of the pore pressure, Do· for compacted soils will usually be negative. For soils of low 
plasticity that have been compacted wet of optimum moisture content, the irtitial pore pressure will be 
small. Additionally, the ratio Uo/'(tht in Equation 21 will be small. Therefore, in this case, a reasonable 
approximation for preliminary design purposes is 
ru = B. (22) 
In the case of cohesive soils compacted at or slightly below optimum moisture content, the initial pore 
pressures, u0 , may be quite large negatively. Hence, a conservative estimate in this case is to assume that 
the term uof'Ytht is equal to zero. Hence, r 0 may be estimated from Equation 22. In both cases described 
above, the estimate of ru is based on the assumption that the soils do not drain during loading. However, if 
some drainage does occur during construction, the final pore pressures are reduced considerably. 
Coded data for the example in Figure 25 are shown in Table 21. The coordinates of the thrust line 
are entered on Record Number 9. Hence, GIMTH is set equal to 0 (or left blank). GIMPO is set equal to 0 
(or left blank) since a detailed printout of information is desired. The soil properties summarized in Figure 
25 are entered on Record Number 5. Since pore pressures are to be computed using the pore-pressure 
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TABLE 21. CODED DATA FOR EXAMPLE 3 
·---·······-······································································· 5 6 1 Record 1 
091275 EXAMPLE 3 (AFTER JANBU) Recoro 2 
0.0000 76 0 Record 3 
0 1 1 Record 4 
0.0000 45.0000 2.1000 0.0000 0.0000 Record 5.1 
0.0000 38.6200 2.1000 0.1500 0.0000 Record 5.2 
2.0000 30.9200 2.1000 0.3500 0.0000 Record 5.3 
0.0000 40.4000 2.1000 0.0000 0.0000 Record 5.4 
999 0. 0. 0. 0. Record 5.5 
17.000 
19.500 
20.500 
21.000 
90.000 
110.000 
999 
999 
999 
999 
17.000 
19.500 
20.500 
58.200 
110.000 
17.000 
19.500 
50.400 
110.000 
17.000 
20.000 
110.000 
17 .ooo 
110.000 
999 
999 
19.500 
28.000 
41.000 
52.500 
66.000 
78.600 
90.000 
0.33 
6. o. 
0.00 
0.000 
0.000 
o.oo 
NOTES: 
50.500 Record 6,1 
50.500 Record 6.2 
50.500 Recore 6.3 
50.500 Record 6.4 
10.000 Record 6.5 
10.000 Record 6.6 
0. Record 6.7 
50.500 Record 7 .1.1 
50.500 Recore 7.1.2 
50.500 Record 7.1.3 
10.000 Record 7.1.4 
10.000 Recoru 7.1.5 
0. Record 7.1.6 
50.500 Recora 7.2.1 
50.500 Record 7.2.2 
10.000 Record 7.2.3 
10.000 Record 7.2.4 
0. Record 7.2.5 
50.500 Record 7.3.1 
10.000 Record 7.3.2 
10.000 Record 7.3.3 
o. Record 7.3.4 
5.000 Record 7 .4.1 
5,000 RecOra 7 .4.2 
0. Record 7.4.3 
46.900 Record 8.1 
35.200 Record 8.2 
22.400 Record 8.3 
16.400 Record 8.4 
12.600 Record 8.5 
10.000 Record 8.6 
10.000 Record. 8. 7 
0. Record. 8.8 
0.00 0.00 Record ft 
0. 0. Record 12 
0.00 Record 13 
0.000 0.000 0.000 0.000 0.000 0.00 Record 14 
0.000 0.000 Record 15 
0.00 0 0.00 Record lt> 
1. GSEARC • 0 (Record Number 4); shear surface coordinates must be 
supplied on Record Number 8. 
2. Record Numbers 10 and 11 omitted; values of RU entered on Record 
Numbers 5.1 through 5.4. 
3. Tension crack assumed filled with water in example; External 
Force, Ea, must be entered on Record Number 12. 
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parameter ru, Option 1 of Record Number 5 is used. The ru-value of each layer is entered (Record 
Numbers 5.1, 5.2, and 5.3). Since there are no'pore pressures in the rock base (Layer 4), this layer is 
assigned a value of ru of 0 (Record Number 5.4). The hydrostatic thrust of water in the tension crack is 
entered on Record Number 12 as EA. Other data are supplied in the usual manner. Record Numbers 10 
and 11 are omitted in this example since values ofru are used. 
A factor of safety of 1.624 was obtained from the HOPK-I program. Janbu (2) obtained a value of 
1.61. As shown in Table 16, the difference in the two solutions was slightly less than 1 percent. 
EXAMPLE 4: ZONED EARTH DAM ON A COMPRESSIBLE FOUNDATION 
In this example, the earth dam shown in Figure 25 is assumed to be located on a compressible clay 
foundation instead of an incompressible foundation composed of rock. Details of Example 4 are illustrated 
in Figure 26. The objective of the analysis is to estimate the shon-term or end-of-construction stability of 
the dam using an effective stress analysis. The purpose of this example is to illustrate use of two of the 
pore pressure options (Options 1 and 2) in the HOPK-I computer program. Before the stan of construction 
of the dam, piezometers (P1 through P6) were installed in the clay foundation (Layer 4) to monitor the pore 
pressures during construction. The shear surface is assumed to pass through the clay core, illter, and clay 
foundation. It emerges slightly downstream from the toe of the dam as shown in Figure 26. The 
foundation is assumed to be composed of normally consolidated saturated clay. The ground level near the 
toe of the dam coincides with the top of Layer 4. Maximum pore pressures developed in the clay 
foundation occurred at the end of construction. Recorded pore pressures were convened to pressure heads 
and plotted as shown in Figure 27. 
Coded data for Example 4 are shown in Table 22. GSEARC on Record Number 4 was set equal to 
0. GIMTH was set equal to 1 and the value of ETA (0.33) was entered on Record Number 9. Hence, the 
program was requested to generate the x- and y-coordinates of the thrust line. GIMPO was set equal to 0; 
the program was instructed to supply a complete printout of the calculations. On Record Number 5, the ru-
values for Layers 1, 2, and 3 were assigned values of 0.0, 0.15, and 0.35 (Record Numbers 5.1, 5.2, and 
5.3), respectively (pore-pressure Option 1). The value of ru of Layer 4 was set equal to 1.5 (Record 
Number 5.4), which instructs the program to compute the pore pressures in Layer 4 from piezometric lines 
defmed by x- and y-coordinates. When pore pressure Option 2 is used, the x- and y-piezometric 
coordinates must be supplied on Record Number'IO. These coordinates are illustrated in Figure 27. Other 
data for this example are input in the usual manner. Record Number 11 is omitted. The safety factor 
obtained for the example was 1.099. In aciuality, such a safety factor would be too low for an earth dam 
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TABLE 22. CODED DATA FOR EXAMPLE 4 
------------------·····················--------------------------------------------5 6 I Recore& 1 
091275 JANBU EXAMPLE PROBLEM NUMBER 4 Recora 2 
1.00 76 20 Record 3 
0 1 1 Record 4 
0.0000 45.0000 130.8000 o.oooo o.oooo Record 5.1 
0.0000 38.6200 130.8000 0.1500 o.oooo Record 5.2 
2.00 30.9200 130.8000 0.3500 o.oooo Record 5.3 
0.0000 32.0000 130.8000 1.5000 o.oooo Record 5.4 
999 o. 0. o. o. Record 5.5 
17.000 50.500 Record 6.1 
19.500 50.500 Record 6.2 
20.500 50.500 Recorci 6.3 
21.000 50.500 Record 6.4 
90.000 10.000 Record 6. 5 
110.000 10.000 Record b.b 
999 o. Record 6.7 
17.000 50.500 Record 7 .1.1 
19.500 50.500 Record 7 .1.2 
20.500 50.500 Record 7 .1. 3 
58.200 10.000 Record 7 .1. 4 
110.000 10.000 Recora 7.1.5 
999 o. Record 7 .1. 6 
17.000 50.500 Record 7.2 .1 
19.500 50.500 Record 7 .2.2 
50.400 10.000 Record 7.2.3 
110.000 10.000 Record 7.2.4 
999 o. Record 7.2.5 
17.000 50.500 Record 7.3.1 
20.000 10.000 Record 7 .3.2 
110.000 10.000 Record 7.3.3 
999 o. Record 7.3.4 
17.000 5.000 Record 7.4.1 
110.000 5.000 Record 7.4.2 
999 o. Recorci 7.4.3 
19.500 46.900 Record 8.1 
28.000 35.000 Record 8.2 
54.500 10.000 Record 6.3 
58.000 5.000 Record 8.4 
90.000 5.000 Recora 8.5 
99.000 10.000 Record 8.6 
999 o. Recora 8.7 
0.33 o.oo 0.00 Record 9 
18.000 14.000 Record 10.4.1 
40.000 13.000 Recore 10.4.2 
60.000 13.000 Record 10.4.3 
80.000 11.000 Record 10.4.4 
90.000 10.000 Record 10.4.5 
100.000 10.000 Record 10.4.6 
110.000 10.000 Record 10.4.7 
999 o. Record 10.-4.8 
6. o. o. o. Record 12 o.oo 0.00 Record 13 
0.000 0.000 0.000 o.ooo 0.000 0.000 o.oo Record 14 
0.000 0.000 o.ooo Record 15 o.oo o.oo 0 o.oo Record 16 
NOTES: 
1. GSEARC • 0; shear surface coordinates must be supplied on Record 
Number 8. 
2. Values of RU used for soil layers 1 2 1 3 specified (Record 
Numbers 5.1
1 
5.2, and 5.3, reapective1y). A value of RU equal 
1.5 specif ed for soil layer 4; therefore, piezometric 
coordinates are entered on Record Numbers 10.4.1 through 10.4.7 
for that layer. 
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and the dam would have to be redesigned for a much higher safety factor. 
EXAMPLE 5: SLOPING CORE DAM 
In a sloping core dam, the failure surface may be non-circular, as illustrated in Figure 28. In this 
example, the dam consists of an outer shell composed of cohesionless high-strength material and a sloping 
core composed of cohesive clay. Strength properties of the materials are summarized in Figure 28. Pore 
pressures are assumed equal to zero. The shear surface in this problem is assumed to be tangent along the 
back slope of the core and to emerge in the lower portion of the shell material as illustrated. A tension 
crack was assumed in the upper portion of the potential failure mass. 
Coded data are shown in Table 23. GIMTII was set equal to 1 and GIMPO was set equal to 0. 
Other data were recorded in the usual manner. A summary of safety factors obtained from the HOPK-I 
program and other slope stability methods are tabulated and compared in Tables 15 and 24. For ETA 
equal to 0.33, the safety factor was 1.360. For ETA equal to 0.50, the safety factor was 1.401. Therefore, 
for a reasonable change in the location of the thrust line, the two solutions differed by only about 3 percent. 
Solutions of this example based on five independent slope stability methods have been published by 
Wright (4). Wright solved Example 5 using Morgenstem-Price's method and twelve trial assumptions of 
the function f(x) (7). The function F(x) represents the variational relationship between the vertical 
interstice force, Ti, and the horizontal interslice force, Ei, in the Morgenstern and Price method. By 
definition 
Ti = AF(x)Ei, 
where A is a selected numerical factor. F(x) is an arbitrary function with a maximum value of I. Various 
shapes may be used for F(x). Based on the trial assumptions, the safety factors ranged from 1.400 to 1.402. 
Wright noted that the minimum safety factor may be nearer (approximately) 1.37. The published values 
based on Janbu's method and ETA equal to 0.33 and 0.50, respectively, were 1.38 and 1.41, respectively. 
However, the safety factor did converge to three decimal places, according to Wright. Based on Spencer's 
(9) and Lowe-Karafiath's (25) slope stability methods, the factors of safety were 1.384 and 1.379, 
respectively. Hence, Janbu's, Morgenstem-Price's, Lowe-Karafiath's, Spencer's, and the HOPK-1 slope 
stability methods gave almost identical answers. Based on the assumption shown in Table 24 regarding the 
inclination of the side forces, the modified Swedish method gave a safety factor (1.436), approximately 4 
percent higher than safety factors obtained from the above methods. If the inclination of the side forces 
was slightly smaller than the assumed inclination, the safety factor would have been closer to the safety 
factors obtained from the above methods. Hence, the assumed inclination of the side forces is a critical 
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206 250 
Critical Shear 
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450 500 
Sloping Core Dam (after Wright (26)) --Example 5. 
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TABLE 23. CODED DATA FOR EXAMPLE 5 
··-------------------SK8E·------------------------------------····················-
5 6 1 Record 1 
082084 SLOPING CORE DAM- AFTER WRIGHT- EX.5 Record 2 
o.oooo 76 0 Record 3 
0 1 1 Record 4 
0.0000 38.0000 0.1330 o.oooo o.oooo Record 5.1 
1.0000 11.0000 0.1330 o.oooo o.oooo Record 5.2 
1.0000 11.0000 0.1330 0.0000 0.0000 Record 5.3 
999 o. o. o. o. Record 5.4 
o.ooo 180.000 Record b.l 
40.000 180.000 Record 6.2 
388.750 25.000 Record 6.3 
500.000 25.000 Record 6.4 
999 o. Record. b.S 
o.ooo 174.200 Recoro 7 .1.1 
24.820 174.200 Record. 7.1.2 
40.000 174.200 Record 7 .1. 3 
273.750 25.000 Recoro 7.1.4 
500.000 25.000 Record 7 .1. 5 
999 o. Record 7 .1. 6 
o.ooo 174.200 Record 7.2.1 
24.820 174.200 Record 7.2.2 
223.750 25.000 Record 7 .2.3 
500.000 25.000 Record 7.2.4 
999 o. Record 7.2.5 
o.ooo 25.000 Record 7.3.1 
500.000 25.000 Record 7.3.2 
999 o. Record 7.3.3 
40.000 180.100 Record 8.1 
158.130 54.100 Record 8.2 
191.500 51.500 Record 8.3 
201.000 45.000 Record 8.4 
222.500 37.500 Record 8.5 
234.500 34.500 Record 8.6 
249.000 32.000 Record 6.7 
266.000 28.500 Record 8.8 
306.500 25.100 Record 8.9 
388.750 25.000 Recoro 8.10 
999 o. Record 8.11 
0.33 o.oo o.oo Record !II 
o. o. o. o. Record 12 
o.oo o.oo Record 13 
0.000 o.ooo o.ooo o.ooo 0.000 o.ooo o.ool Record 14 
o.ooo o.ooo o.ooo I Record 15 
o.oo o.oo 0 o.oo I Record 16 
NOTES: 
1. GSEARC • 0; ahear aurface coodinates are entered on &ecorca 
Numbers 8.1 through 8.11. 
2. No pore pressures; Record Numbers 10 and 11 omitted. 
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TABLE 24. SUMMARY OF SAFETY FACTORS FOR EXAMPLE 5 
METHOD 
HOPK-I 
Horgenstern-Price* 
Janbu* 
Spencer* 
Lowe-Karafiath* 
Modified Swedish* 
Bishop 
SAFETY FACTOR 
F 
1.360 
1.351 
1.382 
1.404 
1.400 
to 
1.402 
1.38** 
to 
1.41 
1.384 
1.379 
1.436 
1.373 
COMMENTS 
76 Slices of equal width; ETA equal 0.33; tension crack 
assumed; Reasonable thrust line. 
76 Slices used; ETA equal to 0.2S 
76 Slices used; ETA equal to 0.50 
76 Slices used; ETA equal to 0.65 
Twelve trial assumptions of f(x) were made. Value of F not 
necessarily the minimum critical values. Minimum value may 
be about 1 percent less than obtained from Spencer's 
solution, or about 1.37. 
ETA equal 0.33 
ETA equal 0.50 
Inclinations of aide forces assumed parallel. Computed 
inclination of side forces slightly less than inclination 
of outer slope of shell. Computed locations of thrust line 
points appeared to be too low which implies that an 
unreasonable state of stress exists. 
Side forces assumed to act at the average inclination 
of shear surface. 
Inclination of side forces assumed parallel to 
outer slope of shell. 
Coarse grid employed to obtain absolute minimum safety 
factor. Relative minimum safety obtained by serachint 
in area around grid point representing absolute 
minimum safety factor. Safety factor shown is both 
an absolute and relative minimimum safety factor. 
• Published solutions, see Reference ~ • 
•• Safety factor was quoted in Reference 4 to two decimal places. 
the solution would not converge to three decimal places. 
*** Circular shear surface. 
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According to Wright (4), 
assumption in a force equilibrium method such as the modified Swedish method and Janbu's force 
equilibrium method (simplified procedure), and a range of safety factors may be obtained depending on 
that assumption. 
Although it would appear that a circular failure mode does not fit the geometry of Example 5, the 
problem was analyzed, as a matter of interest, using Bishop's simplified slope stability method. Using the 
ICES LEASE-I slope stability computer program and a very large coarse grid, the absolute minimum safety 
factor was obtained. Once coordinates of the center of that circular failure surface were determined, the 
relative minimum safety factor was obtained by searching in an area around those coordinates. The safety 
factor obtained was both an absolute and minimum value and was equal to 1.373. The critical circular 
shear surface corresponding to that safety factor is shown in Figure 28. Although there is a difference in 
the non-circular and circular shear surfaces, the safety factor obtained from Bishop's method is almost 
identical to those obtained from HOPK-I, Morgenstem-Price's, Spencefs, Janbu's, and Lowe-Karaftath's 
slope stability methods. 
EXAMPLE 6: MULTILAYERED SLOPE 
This example considers a multilayered slope selected from Peck, Hansen, and Thornburn's book 
(28, page 158). Only one circular shear surface was used. A cross section, including soil properties and the 
circular shear surface, is shown in Figure 29. Coded data for the problem are shown in Table 25. Since the 
soils of each layer are partially saturated, total stress parameters 1\l and c were used. No pore pressures were 
involved and, consequently, water table or piezometric coordinates were not required. The problem was 
analyzed using HOPK-I, ICES LEASE-1, KY-BISHOP, REAME (simplified Bishop), and STABL 
(simplified Janbu and simplified Bishop). Factors of safety, shown in Table 15, were 1.322, 1.326, 1.337, 
1.318, 1.234, 1.322, and 1.16 (ordinary method of slices in the ICES-LEASE program), respectively. 
Differences between the factor of safety obtained from the HOPK-1 program and factors of safety obtained 
from the ICES LEASE, KY -BISHOP, and REAME computer programs was 1 percent or less. The factor 
of safety obtained from the simplified Janbu option of the STABL program was slightly less than 7 percent 
lower than the factor of safety obtained from the HOPK-I model. The ordinary method of slices of the 
ICES LEASE program yielded a factor of safety that was some 12 percent lower than the factor of safety 
obtained from the HOPK-I program. 
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Figure29. Multilayered Slope (after Peck and Hansen (26)) --Example 6. 
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TABLE 25. CODED DATA FOR EXAMPLE 6 
BBBBBBBBBB8&aBBRBBBBBZBBB2BBB&BB~BBBBBBBBKBBBBBBBBBBBRBBBBBBBBBBBBB8BBBBBBBBBBBBBBB 
5 6 I Recore 1 
022684 EXAMPLE 6; MULTILAYERED SLOPE: PECK Record 2 
o.oooo 76 20 Record 3 
I I 0 Record 4 
o.oooo 35.0000 0.1200 o.oooo o.oooo Recorei 5.1 
0.2000 18.0000 0.1150 0.0000 o.oooo Record 5.2 
0.4000 o.oooo 0.1150 o.oooo o.oooo Record 5.3 
999 o. o. o. o. Record 5.4 
o.ooo 30.000 Recore b.l 
50.000 30.000 Record 6.2 
88.500 15.000 Record 6.3 
100.000 10.000 Record 6.4 
150.000 10.000 Recore 6.5 
999 o. Record 6. 6 
o.ooo 15.000 Record 7 .1.1 
62.500 15.000 Record 7.1.2 
100.000 10.000 Recore 7.1.3 
150.000 10.000 Record 7 .1. 4 
999 o. Record 7 .1. 5 
o.ooo 5.000 Record 7.2.1 
150.000 5.000 Record 7.2.2 
999 o. Record 7.2.3 
o.ooo o.ooo Record 7.3.1 
150.000 o.ooo Record 7.3.2 
999 o. Record 7.3.3 
0.33 o.oo o.oo Record 9 
o. o. o. o. Record 12 
0.00 o.oo Record 13 
75.000 50.000 75.000 50.000 o.ooo o.ooo o.oo Recore 14 
75.000 o.ooo 50.000 Record 15 
0.00 0.00 0 o.oo Record 16 
NOTES: 
1. GSEARC • 1; trial center coordinates of circle entered on Record 
Number 14; radius of circle entered on Record Number 15. 
2. No pore pressures in example; Record Numbers 10 and 11 are 
omitted. 
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EXAMPLE 7: EMBANKMENT ON SOFT GROUND 
This example illustrates the use of different pore pressure options. The example was selected from 
the ICES LEASE-I User's Manual (21) and is a typical problem in the design of embankments on soft clay. 
A cross section is given in Figure 30. The problem is a primary example in the ICES LEASE-I manual 
used to illustrate the many options and significant features of the ICES LEASE-I slope stability computer 
program. Data and a detailed discussion of the example are presented on pages 29 and 30 and pages 25 
through 27 of the ICES LEASE-I user's manual. 
The example was solved using the LEASE-I and the HOPK-I slope stability computer programs (a 
solution of this problem was not given in the ICES LEASE-I manual). An effective stress analysis 
(Example 7a) and a total stress analysis (Example 7b) were performed using both computer programs. In 
addition to illustrating the use of different pore pressure options, the example was selected to test the grid 
search routine of the HOPK-I program. Critical circles obtained from the two search routines of the 
programs were compared. The example problem, as shown in Figure 31, consists of an embankment 
(Layer 1), a granular layer (Layer 2) to act as a berm for the proposed embankment, and a soft clay 
foundation (Layers 3 through 10). The foundation was divided into layers or zones. In Zone I, the 
saturated undrained shear strength, Su, was used (ru of this zone was equal to zero); effective stress 
parameters and estimated ru-values were entered for the seven other zones. Coded data entered into the 
HOPK-I program are shown in Table 26. Based on measurements, the pore pressures in the granular soils, 
Layers I and 2, were determined from the ground-water table. Values of ru equal to 1.5 were inserted for 
soil Layers I and 2. Consequently, x- andy-piezometric coordinates, as shown on Record Number 10, 
were entered for Layers I and 2. For the other zones, ru-values were supplied as shown. 
To determine the most critical circle having a minimum factor of safety, the problem was solved 
using a large search grid, as shown in Table 26. The same grid was used in solving the problem using the 
ICES LEASE-I program. Results obtained from the HOPK-I program are shown in Table 27, a printout (in 
form of a grid) of factors of safety. The frrst column of numbers are the y-coordinates of the grid. The top 
row of numbers are the x-<:oordinates of the grid. The other numbers are minimum factors of safety at each 
grid point. The grid of factors of safety obtained from the ICES program was tabulated manually. Based 
on a large grid and a smaller and more refmed grid, the factor of safety obtained from the HOPK-1 program 
was 1.317. Using a large grid, a value of 1.305 was obtained from the ICES program. Using the "BEGIN" 
command, the ICES LEASE program gave a value of 1.286, or about two percent smaller than the value 
obtained from the ICES program. A comparison of the critical circles obtained for Example 7a is shown in 
Figure 32. The two programs yielded almost identical critical circles. 
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Lay" I ~· ,I c' I s,, I Yt I ru 
(OEG) KS F KSF KSF 
I 300 0.0 - 0.110 1.5 
2 30.0 0.0 - 0.127 1.5 
3 30.0 0.0 - 0.101 0.65 • 30.0 0.0 - 0.101 0.62 
5 30.0 0.0 - 0.101 0.80 
6 30.0 0.0 - 0.101 0.80 
7 30.0 0.0 - 0.101" 0.15 
8 0.0 0.0 0.25 0.101 0.70 
9 30.0 0.0 - 0.101 0. 70 
10 30.0 0.0 - 0.101 0.0 
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Program. 
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TABLE 26. CODED DATA -- EFFECTIVE STRESS ANALYSIS -- FOR EXAMPLE 7A 
D8KEaaKKKKaKKKKKRK~----------------------------------------------------------------5 6 1 Record 1 
090684 EXAMPLE 15 IN LEASE HANUAL:EXAMPLE07A ll.ecord 2 
0.0000 76 0 ll.ecord 3 
1 1 1 Record 4 
o.ooOO 30.0000 0.1100 1.5000 0.0000 Record 5.1 
0.0000 30.0000 0.1270 1.5000 0.0000 Record 5.2 
0.0000 30.0000 0.1010 0.6500 0.0000 Record 5.3 
0.0000 30.0000 0.1010 0.6200 0.0000 Record 5.4 
0.0000 30.0000 0.1010 0.8000 0.0000 Record 5.5 
0.0000 30.0000 0.1010 0.8000 0.0000 Record 5.6 
0.0000 30.0000 0.1010 0.8500 0.0000 Record 5.7 
0.2500 0.0000 0.1010 0.7000 0.0000 Record 5.8 
0.0000 30.0000 0.1010 0.7000 0.0000 Record 5.9 
0.0000 30.0000 0.1010 0.0000 0.0000 Record 5.10 
999 0. 0. 0. 0. Record 5.11 
0.000 120.000 Record 6.1 
110.000 120.000 Record 6.2 
134.000 108.000 Record 6.3 
145.000 108.000 Record 6.4 
146.000 106.000 Record 6.5 
186.000 106.000 Record 6.6 
258.000 97.500 Record 6. 7 
310.000 97.500 Record 6.8 
999 o. Record 6.9 
0.000 106.000 Record 7 .1.1 
134.000 106.000 Record 7.1.2 
146.000 106.000 Record 7.1.3 
186.000 106.000 Recoro 7.1.4 
258.000 97.500 Record 7.1.5 
310.000 97.500 Record 7.1.6 
999 0. Record 7.1.7 
0.000 96 .000 Recorci 7. 2.1 
120.000 96.000 Record 7.2.2 
145.000 96.000 Recoro 7.2.3 
186.000 93.000 Record 7.2.4 
258.000 97.500 Record 7.2.5 
310.000 97.500 Record 7.2.6 
999 0. Record 7.2.7 
0.000 91.000 Record 7.3.1 
120.000 91.000 Record 7 .3." 
120.000 96.000 Record ' 
145.000 96.000 Rer•· 
186.000 93.00" 
258.000 o-
310.000 
.. 0.5 
999 "" .1.500 
_ ... rd 7.8.6 
.Kecord 7.8.7 
Record 7.8.8 
Record 7.8.9 
Record 7.9.1 
Record 7.9.2 
Record 7.9.3 
Record 7.9.4 
Record 7.9.5 
Record 7.9.6 
Record 7.9.7 
Record 7.9.8 
Record 7.9.9 
Record 7.10.1 
Record 7.10.2 
Record 7.10.3 
Record 7.10.4 
Record 7.10.5 
Record 7.10.6 
Record 9 
Record 10.1.1 
Record 10.1.2 
Record 10.1.3 
Record 10.1.4 
Record 10.1.5 
Record 10.2.1 
Record 10.2.2 
Record 10.2.3 
Recore 10.2.4 
Record 10.2.5 
Record 12 
Record 13 
Record 14 
Record 15 
Record 16 
999 
999 
999 
.vl.IO 
•• o.ooo 
186.000 
258.000 
258.000 
258.000 
258.000 
310.000 
0.000 
120.000 
186.000 
258.000 
310.000 
0.33 
o.ooo 
190.000 
258.000 
310.000 
0.000 
190.000 
258.000 
310.000 
o. 
70.000 
70.000 
70.000 
70.000 
75.000 
92.500 
97.500 
97.500 o. 
70.000 
70.000 
70.000 
70.000 
70.000 o. 
o.oo 
104.000 
104.000 
96.000 
96.000 
0. 
104.000 
104.000 
96.000 
96.000 
o.oo 
999 o. 
o. o. 
o.oo 
170.000 
186.000 
o.oo 
NOTES: 
o. o. 
o.oo 
255.000 
88.000 
o.oo 
190.000 225.000 
o.ooo 
0 o.oo 
5.000 5.000 4.00 
I. GSEARC • 1' ~ and y-eoordinates and x, y, and r increments of 
eearch grid are entered on Record Number 14. Record Nuaber 8 
omitted; shear aurface coordinates of trial circles are 
generated by program. 
2. Values of RU aet equal to 1.5 on Record Numbers 5.1 and 5.2; 
therefore, piezometric coordinates for soil l&Jers 1 and 2 are 
entered on Record Numbers 10.1.1 through 10.1.6 and 10.2.1 
through 10.2.5, respectively. For Layers 3 through 10, actual 
values of RU (less than LO) entered on Record Numbers 5.3 
through 5.10. 
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TABLE 27. TYPICAL PRINTOUT OF SEARCH GRID COORDINATES AND CORRESPONDING 
MINIMUM FACTOR OF SAFETY AT EACH GRID POINT 
·····-----------------------·····················-·······················-············ 
TRIAL CIRCLE CENTER GRID SYSTEM 
COORDINATES NOT TO SCALE 
MINIMUM SAFETY FACTOR AT EACH GRID POINT 
170.0 175.0 180.0 185.0 190.0 
255.0 1.369 1.339 1.327 1.349 1.378 
250.0 1.370 1.340 1.317 1.330 1.380 
245.0 1.372 1.340 1.319 1.332 1.377 
240.0 1.364 1.344 1.317 1.323 1.359 
235.0 1.367 1. 349 1. 330 1.328 1.365 
230.0 1.371 1.354 1.333 1.323 1.350 
225.0 1.343 1.364 1.342 1.331 1.357 
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300 
A total stress analysis (Example 7b) was perfonned using both programs and large search grids. 
Coded data are shown in Table 28. A safety factor of 1.232 was obtained from the ICES program using a 
large grid. The HOPK-1 program yielded a value of 1.226. Using the BEGIN command in the ICES 
LEASE program and the coordinates of the critical circle obtained from the large search grid, a factor of 
safety of 1.232 was obtained. Using a refined grid, a factor of safety of 1.215 was obtained from the 
HOPK-1 program. The factors of safety differed about 1.4 percent 
EXAMPLE 8: EMBANKMENT ON A CLAY FOUNDATION 
A cross section of this example is shown in Figure 33. The example was solved by Wright (4) 
using Bishop's simplified method, Spencer's method, Morgenstem-Price's method, and the Janbu method. 
The problem was analyzed using the ICES LEASE-I program, the KY -BISHOP program, ST ABL, and the 
HOPK-1 program. Coded data for the latrer program are shown in Table 29. Factors of safety obtained 
from the HOPK-1, LEASE, and KY-BISHOP programs were 1.251, 1.252, and 1.260 ··nearly identical 
values. Values obtained by Wright using Morgenstern and Price's method and Spencer's method were 
1.28-1.30 and 1.119, respectively. However, the factor of safety from the Morgenstern and Price method 
was questioned by Wright. The value obtained from Spencer's method (assuming parallel side forces) was 
somewhat lower than values obtained fonn the HOPK-1 and Bishop's method. Wright obtained 1.226 using 
Bishop's method. Based on the Bishop option of .the ST ABL program, a factor of safety of 1.259 was 
obtained. The simplified Janbu option of the ST ABL program yielded 1.081. This value is slightly less 
than 14 percent lower than values obtained from the HOPK-1 program and Bishop's method. 
EXAMPLE 9: SIDE-HILL IDGHW AY EMBANKMENT SLOPE 
This is an unpublished classroom example fonnulated and solved by Hardin using the simplified 
Bishop method (hand calculations) and the Hardin method (10). The problem, as shown in Figure 34, was 
solved using the simplified Hardin method (hand calculations), the ICES LEASE-I program, and the 
HOPK-1 program. Coded data for the HOPK-1 program are shown in Table 30. Factors of safety obtained 
from HOPK-1 and ICES LEASE-I (Bishop) programs were 1.802 (ETA= 0.33) and 1.780, respectively. 
Hand calculations by Hardin using Bishop's method yielded 1.81. A value of 1.81 was obtained from the 
Hardin method. To study the effect of varying the "thrust line" in the HOPK-1 program, the value of ETA 
was varied from 0.0 to 0.50. Factors of safety ranged from 1.77 (ETA = 0.0) to 1.84 (ETA = 0.5), 
respectively. Also, as another check, the thrust line in the active zone of the mass was located using an 
ETA value of 0.28 (ETAT, Record Number 9); in the passive zone, an ETA value of0.38 (ETAC, Record 
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TABLE 28. CODED DATA -- TOTAL STRESS ANALYSIS -- FOR EXAMPLE 7B 
----------------~---------···················----------------------------------·---5 6 
090684 o.oooo 
I I o.oooo 
0.0000 
0.5000 
0.3600 
o. 3000 
0.2800 
0.2000 
0.6500 
0.4500 
0.2500 
999 
999 
999 
999 
999 
999 
999 
999 
o.ooo 
uo.ooo 
134.000 
145.000 
146.000 
186.000 
258.000 
310.000 
o.ooo 
134.000 
146.000 
186.000 
258.000 
310.000 
o.ooo 
120.000 
145.000 
186.000 
258.000 
310.000 
o.ooo 
120.000 
120.000 
145.000 
186.000 
258.000 
310.000 
o.ooo 
!20 ,..~ 
...... ooO 
258.000 
258.000 
258.000 
258.000 
310.000 
0.000 
120.000 
186.000 
258.000 
310.000 
0.33 
0.000 
190.000 
258.000 
310.000 
I 
EXAMPLE 15 
76 0 
I 
30.0000 
30.0000 
0.0000 o.oooo 
0.0000 o.oooo 
0.0000 
0.0000 
0.0000 o.oooo o. 
120.000 
120.000 
108.000 
108.000 
106.000 
106.000 
97.500 
97.500 o. 
106.000 
106.000 
106.000 
106.000 
97.500 
97.500 o. 
96.000 
96.000 
96.000 
93.000 
97.500 
97.500 o. 
91.000 
91.000 
96.000 
96.000 
93.000 
97.500 
97.500 
0 
... uuo 
70.000 
70.000 
70.000 
75.000 
92.500 
97.500 
97.500 o. 
70.000 
70.000 
70.000 
70.000 
70.000 
0. 
0.00 
104.000 
104.000 
96.000 
96.000 o. 
0.000 104.000 
190.000 104.000 
258.000 96.000 
999310.000 96.og~ 
o. o. o. o. 
o.oo o.oo 
140.000 280.000 
186.000 88.000 
0. 00: __ _:0:.:· 00 
NOTES: 
IN LEASE MANUAL:EX07 
o.uoo 
0.1270 
0.1010 
0.1010 
0.1010 
0.1010 
0.1010 
0.1010 
0.1010 
0.1010 o. 
o.oo 
I. 5000 
1.5000 
0.0000 o.oooo 
0.0000 o.oooo 
0.0000 o.oooo 
o.oooo 
0.0000 o. 
200.000 140.000 o.ooo 
0 0.00 
o.oooo 
0.0000 o.oooo o.oooo 
0.0000 o.oooo 
0.0000 o.oooo 
o.oooo o.oooo o. 
20.000 20.000 4.00 
Record 1 
aecorci 2 
Record 3 · 
Recorci 4 
Record 5.1 
Record 5.2 
Record 5.3 
Record 5.4 
R.ecord 5.5 
Record 5.6 
Record 5.7 
Record 5.8 
Record 5.9 
Record 5.10 
Record 5.11 
Record 6.1 
Record 6.2 
Recore 6.3 
Record 6.4 
Record 6.5 
Record 6.6 
Record 6.7 
Record 6.8 
Record 6.9 
Record 7.1.1 
Record 7 .1. 2 
Record 7.1.3 
RecorQ 7 .1. 4 
Record 7.1.5 
Record 7.1.6 
Record 7.2.1 
Record 7.2.2 
Record 7.2.3 
Record 7 .2.4 
Record 7.2.5 
Record 7.2.6 
Record 7.2.7 
Record 7.3.1 
Record 7.3.2 
Record 7.l.3 
Record 7.3.4 
Record 7.3.5 
Record 7.3.6 
Record 7 ,3, 7 
Record 7 
Recor-' 
R•· 
•• 9 
. I. 9 .I 
.... rd 7.9.2 
Record 7.9.3 
Record 7.9.4 
Record 7.9.5 
Record 7.9.6 
Record 7.9.7 
Record 7.9.8 
Record 7.9.9 
Record 7 .10.1 
Record 7.10.2 
Record 7.10.3 
Record 7.10.4 
Record 7.10.5 
Record 7.10.6 
Record 9 
Record 10.1.1 
Record 10 .1. 2 
Record 10.1.3 
Record 10.1.4 
Record 10.1.5 
Record 10.2.1 
Record 10.2.2 
Recore! 10.2.3 
Recorc1 10.2.4 
Record 10.2.5 
Record 12 
l.ecoro 13 
Record 14 
1.ecore1 15 
J.ecord 16 
I. GSEARC • 1; ~and y coordinates and x, YJ r incrementa of aearch 
arid are entered on Record Number 14. Kecord Number 8 omitted; 
ahear aurface coordinates of trial circle& are aenerated by 
computer program. 
2. Values of RU aet equal to 1.5 on ·Record NWDbers 5.1 and 5.2; 
therefore, piezometric coordinates for aoil layer& 1 and 2 are 
entered on Record Numbers 10.1.1 through 10.1.5 and 10.2.1 
through 10.2.5, reapectively. Valuea or RU on Record Numbers 
5.3 through 5.10 let equal to zero or left blank aince the 
undrained ahear atrengtha for aoil layera 3 through 10 are uaed. 
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c: 
0 
; 100 
> .. 
tu 
50 
0 
0 
Method Foetor of Safety 
Hopk - I I.Z51 
ICII LIOU -1 
Bishop 1.252 
OMS 1.071 
Ky-Bishop 1.260 
Stab I 
Bishop 1.259 
Simplified Jonbu 1.081 
Janbu I X L • 0 l 1.072 
IXi •Ol No Solution 
Modified Swodishi!•Ol 1.072 
8•8•26.5° 1.740 a. go 1.214 
81•0°i 811 •8i 8 11 ,•0 1.6 77 
Loyer 2 
•:·o 
C • Su•2500 PSF 
Y1 • 125 PCF 
100 200 
MorQtnstern/ Price 
Spencer · 
Bishop 
Jonbu 
ac • 349 Ft. ----0, y0 •204 Ft. 
' ''i>· '/" , .. ,.., 
" ' 
300 400 
Horizontal Distance ( Ft} 
' 
Foetor of Sofet 
1.28 -1.30 
1.119 
1.226 
No Solution 
500 
Figure 33. Embankment on a Clay Foundation (after Wright) --Example 8. 
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TABLE 29. CODED DATA FOR EXAMPLE 8 (AFTER WRIGHT (4)) 
5 6 1 Record 1 
062277 WRIGHT EX.SL.1 P-197; EXAMPLE 8. Record 2 
0.0000 76 0 Record 3 
1 1 0 Record 4 
o.oooo 40.0000 0.1400 o.oooo 0.0000 Record 5.1 
2.5000 o.oooo 0.1250 o.oooo o.oooo Record 5.2 
999 o. o. o. o. Record 5.3 
o.ooo 100.000 Record 6.1 
200.000 200.000 Record 6.2 
250.000 200.000 kecord 6.3 
450.000 100.000 Record 6.4 
500.000 100.000 Record 6.5 
999 0. Record 6.6 
o.ooo 100.000 Record 7 .1.1 
500.000 100.000 Record 7 .1. 2 
999 o. Record 7 .1.3 
o.ooo 50.000 Record 7.2.1 
500.000 50.000 Record 7.2.2 
999 0. Record 7. 2.. 3 
0.33 o.oo o.oo Record 9 
o. o. o. o. Record 12 
o.oo o.oo Record 13 
349.000 204.000 349.000 204.000 o.ooo o.ooo o.ool Record 14 
200.000 200.000 154.000 I Record 15 
o.oo o.oo 0 o.oo I Record 16 
NOTES: 
1. GSEARC • 1; trial center coordinates of circle entered on Record 
Number 14; radius of circle entered on Record Number 15. Since 
coordinates of circle are generated by the program, Record 
Number 8 is omitted. 
2. Since there are no pore pressures in the problem, Record Numbers 
10 and 11 are omitted. 
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1000 
990 
980 ... ... 
" 
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Figure 34. Side-Hill Highway Embankment Slope (after Hardin (10)) --Example 9. 
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TABLE 30. CODED DATA FOR EXAMPLE 9 
•aaBBBBBBBBBB&BBBBBBBBBBB&BBBBBBBBBKBBBBBRRBBBKBBBBBBBCBBB&&BBBBB&BBBBBBBBB&&•BBBDa 
5 6 1 
050884 HIGHWAY FILL TEST W/ HARDIN METHOD: EXAMPLE 9. 
Record 1 
Record 2 
Record 3 
Record 4 
i.ecord 5.1 
lleco.rd 5.2 
Record 5.3 
Record 5.4 
Record 5.5 
Record 6.1 
ReCord 6.2 
Record 6.3 
Record 6.4 
Record 6. 5 
Record 6.6 
Record 6. 7 
Record 6.8 
Record 6.9 
Record 6.10 
Record 6.11 
Record 7 .1.1 
Record 7 .1. 2 
Record 7.1.3 
Record 7 .1. 4 
Record 7 .1. 5 
Record 7 .1. 6 
Record 7 .1. 7 
Record 7 .1.8 
Record 7.1.9 
Record 7.1.10 
Record 7 .1.11 
Record 7.1.12 
Record 7 .1.13 
Record 7.1.14 
Record 7.2.1 
Record 7.2.2 
Record 7.2.3 
Record 7.2.4 
Record 7.2.5 
Record 7.2.6 
Record 7.2.7 
Record 7.2.8 
Recore 7.2.9 
Record 7.2.10 
Record 7 .2.11 
Record 7 .? · 
Record -
o.oooo 0 0 
1 1 1 o.oooo o.oooo 
0.2000 34.0000 o.oooo 38.0000 
0.1000 31.0000 
0.0620 
0.1300 
0.1250 
0.1220 
3.5000 
0.0000 
Q,QQQQ I 
0.0000 
o.oooo 
o.oooo o.oooo o.oooo 
999 o. o. o. o. 
999 
999 
999 
o.ooo 
11.000 
30.000 
71.000 
136.500 
147.000 
150.000 
157.000 
187.500 
195.500 
o.ooo 
11.000 
30.000 
71.000 
136.500 
147.000 
150.000 
157 .ooo 
163.000 
174.500 
183.500 
187.500 
195.500 
o.ooo 
11.000 
20.000 
29.500 
40.000 
50.000 
60.000 
75.000 
91.000 
101.000 
111.000 
126.000 
136.500 
147 .ooo pn· 
,oo 
.&..l6.000 
136.500 
147.000 
150.000 
157.000 
163.000 
174.500 
183.500 
187.500 
195.500 
985.000 
983.000 
996.000 
996.000 
949.000 
948.000 
947.000 
942.000 
942.000 
947.000 o. 
985.000 
983.000 
996.000 
996.000 
949.000 
948.000 
947 .ooo 
942.000 
938.500 
935.500 
938.500 
942.000 
947.000 o. 
985.000 
983.000 
978.000 
977.000 
975.000 
973.500 
972.500 
967.500 
965.000 
961.000 
957.000 
952.000 94Q ,..,,.. ... 
~-VOO 
~61. 000 
957.000 
952.000 
949.000 
948.000 
947.000 
942.000 
938.500 
935.500 
938.500 
942.000 
947 .ooo 
RP,. .. 
.. J.J 
0.000 
195.500 
999 
o. 
o.ooo o.ooo o. 
... 7.3.4 
!C.ecorcl. 7.3.5 
Record 7.3.6 
Record 7 .3. 7 
Record 7.3.8 
Record 7.3.9 
Record 7.3.10 
Record 7.3.11 
Recorci. 7.3.12 
Record 7.3.13 
Record 7 .3.14 
Record 7 .3.15 
Recora 7.3.16 
Record 7.4.1 
Recora 7.4.2 
Record 7.4.3 
Record 9 
Record 10.1.1 
Record 10.1.2 
Record 10.1.3 
Record 10.1.4 
Record 10.1. 5 
R.ecord 10.1.6 
Record 10.1. 7 
Record 10.1.8 
Record 12 
Record 13 
Record 14 
J.ec.ord 15 
B.ecord 16 
999 
0.33 o.ooo 
67.500 
103.000 
124.000 
146.000 
157.000 
187.500 
o. o. o.oo 
110.000 
90.000 o.oo 
o.oo 
966.500 
960.000 
955.000 
951.000 
945.500 
942.000 
942.000 o. 
o. o. 
o.oo 
1050.000 
930.000 o.oo 
o.oo 
110.000 1050.000 
120.000 
0 o.oo 
o.ooo o.ooo o.oo 
NOTES: 
1. CSE.ARC • 1; x- and yo-coordinates and x, y r incrementa of 
aearch grid aust be entered on Record Number l4. Record Number 
8 omitted; ahear surface coordinates of trial circle generated 
by computer program. Radius of circle entered on Record Number 
15. 
2. Value of RU on Record Numbei' 5.1 aet equal to 3.5; therefore 
ground water coordinates are entered on Record Numbers 10.1.1 
through 10.1.8. Values of RU on Record Number 5.2 tbroU&h 5.4 
aet equal to zero or left blank. 
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Number 9) was used (see "Data Coding Instructions"). Using different ETA values in the active and 
passive zones, a factor of safety of 1.80 was obtained. Hence, location of the thrust line at reasonable 
positions in the failure mass did not significantly affect the value of the safety factor obtained from the 
HOPK-I program for this example. All three methods yielded almost identical factors of safety. 
EXAMPLE 10: LONG-TERM STABILITY OF A CUT IN SOFT CLAY 
This example was selected from the STABL User's Guide (29), page 63. A cross section of the 
problem is shown in Figure 35. Coded data for the HOPK-I program are shown in Table 31. The factor of 
safety obtained from the simplified Janbu option of the STABL program was 1.284. However, the Bishop 
option of the STABL program yielded a value of 1.410. A factor of safety of 1.402 was obtained from the 
HOPK-I program. 
EXAMPLE 11: HOMOGENOUS SLOPE 
A cross section of this slope is shown in Figure 36. The slope consists of a homogeneous soil and 
one assumed circular trial mass (27). Coded data for the HOPK-I program are shown in Table 32. Since 
only one circle is involved, the x- and y-coordinates of the center of the circle are entered on Record 
Number 14. Other variables, such as XFIN, YFIN, etc., need not be entered. The radius, denoted as ROl 
in the program, of the center of the circle is entered on Record Number 15. The coordinates XE and YE, 
need not be entered when solving only one trial mass. 
Whitman and Bailey (27) solved the example slope in Figure 36 using the Morgenstern and Price 
model and assuming various functions of f(x). Depending on the selected value of f{x), the Morgenstern 
and Price method yielded reasonable or "correct" values of safety factors ranging from 1.58 to 1.62. Using 
ETA equal to 0.33, the factor of safety obtained from the HOPK-I program was 1.621. Assuming ETA 
equal to 0.0 and 0.50 yielded factors of safety ranging from 1.619 to 1.625, respectively. V aloes of ETA 
equal to 0.0 and 0.50 locates the thrust line at the shear surface and at one-half of the distance from the 
shear surface to the surface of the slope, respectively. Using ICES LEASE-I, a factor of safety of 1.610 
was obtained from Bishop's method. Using the Bishop option in the ST ABL program, a factor of safety of 
1.649 was obtained. However, using the simplified Janbu option in the ST ABL program, a factor of safety 
of 1.453 was obtained. The factor of safety based on the ordinary method of slices was 1.461. Based on 
Fellinius' method, Whiunan and Bailey reported a value of 1.49. 
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Figure 35. 
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Long-Term Stability of a Cut in Soft Clay (from the ST ABL User's 
Guide (29). 
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TABLE 31. CODED DATA FOR EXAMPLE 10 
·····~········------------------------------------------------····-·-·············· 5 6 I Record 1 
081784 LONG TERM STABILITY-CUT (FROM STABL USERS GUIDE) ,EXAMPLE 
0.0000 76 0 
10 Record 2 
Recoia 3 
Record 4 
Record 5.1 
Record 5.2 
Record 5.3 
Record 5.4 
Record 6.1 
Record 6.2 
Recorci 6.3 
Record 6.4 
Record 6.5 
Record 6.6 
Record 6.7 
Record 6.8 
Record 7.1.1 
Record 7.1.2 
Record 7 .1.3 
Record 7.1.4 
Record 7. 1.5 
Record 7.1.6 
Record 7 .1. 7 
Record 7.2.1 
Record 7.2.2 
Record 7.2.3 
Record 7.2.4 
Record 7.2.5 
Record 7.2.6 
Record 7.2.7 
Record 7.2.8 
Record 7.2.9 
Recore 7.2.10 
Record 7.3.1 
Recora 7.3.2 
Record 7.3.3 
Record 7.3.4 
Record 7.3.5 
Record 7.3.6 
Record 7.3.7 
Record 7.3.8 
Record 7.3.9 
Record 7.3.10 
Record 8.1 
Recore 8.2 
Record 8.3 
Record 8.4 
Record 8. 5 
Record 8.6 
Record 8.7 
Recore 8.8 
Record 8. 9 
Record 8.10 
Record 8.11 
Record 8.12 
Record 8.13 
Record 8.14 
Record 9 
Record 10.1.1 
Record. 10.1.2 
Record 10. 1.3 
Record 10.1.4 
Record 10.1.5 
Record 10.1.6 
Record 10.1.7 
Record 10.1.8 
Record 10.1.9 
Record 10.1.10 
Record 12 
0 I I 
0.0000 0.5000 0.1164 3.5000 ' 0.0000 
0.5000 14.0000 0.1164 o.oooo o.oooo 
0.5000 14.0000 0.1242 o.oooo 0.0000 
999 
999 
999 
999 
o.ooo 
67.000 
104.000 
142.000 
167.000 
183.000 
205.000 
o.ooo 
104.000 
142.000 
167.000 
183.000 
205.000 
o.ooo 
65.000 
83.000 
10!.000 
122.000 
142.000 
167 .ooo 
183.000 
205.000 
o.ooo 
44.000 
72.000 
92.000 
111.000 
127.000 
154.000 
176.000 
205.000 
999 
105.160 
69.230 
75.890 
82.740 
90.620 
99.120 
108.150 
117.600 
127.250 
137.280 
147.280 
157.230 
167 .ooo 
999 
0.33 o.ooo 
65.000 
83.000 
101.000 
127 .ooo 
142.000 
167.000 
183.000 
999205.000 
o. 0. 
o.oo 
0.000 
0.000 o.oo 
o. o. o. o. 
110.000 
103.000 
88.000 
73.000 
63.000 
67.000 
68.000 o. 
99.000 
88.000 
73.000 
63.000 
67 .ooo 
68.000 o. 
93.000 
87.000 
85.000 
82.000 
78.000 
73.000 
63.000 
67.000 
68.000 o. 
76.000 
58.000 
56.000 
64.000 
65.000 
56.000 
26.000 
24.000 
15.000 o. 
103.190 
96.960 
89.240 
82.260 
76.100 
70.840 
66.550 
63.270 
61.040 
59.890 
59.840 
60.880 
63.000 
o. o.oo 
93.000 
87.000 
85.000 
82.000 
78.000 
73.000 
63.000 
67.000 
68.000 o. 
o. o. 
0.00 o.ooo 
0.000 
0.00 
o.oo 
0.000 o.ooo 
0 0.00 
o.ooo o.ooo 0.000 o.oo Record 13 Record 14 
Record 15 
Record 16 ----------------------------------------·---·----
NOTES: 
1. GSEARC • 0; ahear aurface coordinates aust be entered (Record 
Numbers 8.1 through 8.14). 
2. Value or R.U on Record Number S .1 aet equal to zero; therefore 
around water coordinates are entered on Record Numbers 10.1. i 
through 10.1.10. Values of RU on Record Numbers 5.2 and 5.3 aet 
equal to zero or left blank. 
78 
40 
30 
ii: 
c 
.!! 20 
;; 
> • w 
10 
0 
170 lBO 
Figure 36. 
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Homogeneous Slope (after Whiunan and Bailey (27)). 
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TABLE 32. CODED DATA FOR EXAMPLE 11 
·························----------------------------------------------------------5 6 1 
100676 WHITMAN-BAILEY 
0.0000 0 76 
1 1 2 
0.0900 32 .oooo 
999 o. 
o.ooo 30.000 
200.000 30.000 
230.000 10.000 
600.000 10.000 
999 o. 
o.ooo 5.000 
600.000 5. 000 
999 o. 
0.33 0.00 
o. o. o. o. 
0.00 o.oo 
224.250 38.250 
230.000 30.000 
o.oo o.oo 
NOTES: 
EX.1,ASCE JULY 1967: EXAMPLE 11. 
0.1250 
o. 
0.00 
0.0000 
o. 
224.250 38.250 
28.829 
0 0.00 
o.oooo 
o. 
o.ooo 0.000 o.ool 
I 
I 
Record 1 
Record 2 
Record 3 
Record 4 
Record 5.1 
Record 5.2 
Record 6.1 
Record 6.2 
Record 6.3 
Record 6.4 
Record 6.5 
Record 7 .1.1 
Record 7 .1. 2 
Record 7 .1. 3 
Record 9 
Record 12 
Record 13 
Record 14 
Record 15 
Record 16 
1. GSEARC • 1; x- and y-coordinates and x, y 1 r increments ot 
search grid must be entered on Record Number 14. Record Number 
8 omitted. Shear surface coordinates generated by computer 
program. Radius of circle entered on Record Number 15. 
2. Value of RU on Record Number 5.1 set equal to zero or left ·blank 
aince there are no pore pressures in the example. 
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EXAMPLE 12: HIGHWAY (SLIDING WEDGE) EMBANKMENT FAILURE 
The highway slope failure in Figure 37 is a typical example of many highway failures encountered 
in mountainous terrain. The failure mass is frequently a sliding wedge. Slope inclinometers were installed, 
as shown in Figure 37, to locate the shear wne of the slide and to track movements of the sliding mass. As 
shown by inclinometer data, the major portion of the failure zone was located in the shallow foundation 
soils. Considerable movement of the sliding mass occurred during the monitoring period. Consequently, a 
plane of weakness existed in the embankment and foundation. The water table or phreatic surface was 
determined from ground-water levels in the slope inclinometer casing. 
As the first step in one approach (30-33) to developing a remedial solution for the highway slip, the 
shear strength along the failure plane was back-calculated. Since considerable movement of the sliding 
mass had occurred, the effective stress parameter c' (cohesion) was assumed to be zero (or a very sntall 
value) and the factor of safety was assumed to be one. Various values of the effective stress parameter cjl' 
(internal angle of friction) were assumed and corresponding factors of safety were computed. The highest 
observed water level in the sliding mass was used in the effective stress analyses. Coded data entered into 
the HOPK-I program are tabulated in Table 33. 
On Record Number 4, the parameter GSEARC is set equal to 0 since only one shear surface will be 
analyzed. Consequently, the x- and ycoordinates of the failure plane are entered on Record Number 9. Soil 
parameters are entered on Record Number 5. The first value ofru (Record Number 5.1) is set equal to 3.5 
(Option 4) and the ground-water coordinates are entered on Record Number 12. 
For the first execution of the program, an assumed value of PHI(!) equal to 15 degrees was used. 
The cohesion CO(l) was set equal to 0. The corresponding factor of safety was 0.608. Using the same 
data, subsequent executions are performed using cjl'-values of 20, 25, and 30 degrees; each time a cjl'-value 
was entered, the program was executed. Corresponding factors of safety obtained from the latter runs were 
0.827, 1.059, and 1.311 respectively. Factors of safety as a function of cjl' is shown in Figure 38. Since the 
sliding mass is near failure, that is, the factor of safety is near or equal to one, the corresponding cjl'-value 
along the failure plane is 23.8 degrees. As a final check, this value is entered and the program is executed. 
The factor of safety was 1.002. A similar analysis was performed using the simplified Janbu option of the 
ST ABL program. The factors of safety obtained from that program also were plotted as a function of cjl' 
(Figure 38). At a factor of safety of one, cjl' was 26.6 degrees. Using a cjl' of 23.8 degrees, the ST ABL 
program yielded a factor of safety of 0.880, or a value some 12 percent lower than the factor of safety 
obtained from the HOPK-1 program. 
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Figure 37. Highway (Sliding Wedge) Embankment Failure·· Example 12. 
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Figure 38. Factor of Safety as a Function of, •. 
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TABLE 33. CODED DATA FOR EXAMPLE 12 
••••••••••~••••s•••=••••=•••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
5 6 1 Record 1 
042784 FRANKFORT PROBLEM: EXAMPLE 12. Record 2 
0.0000 76 20 Recore 3 
0 1 1 Record 4 
0.0000 23.8000 0.1250 3.5000 0.0000 Record 5.1 
999 o. 0. 0. o. Record 5.2 
0.000 638.000 Record 6.1 
75.000 636.500 Record 6.2 
93.000 636.000 Record 6.3 
100.000 634.000 Record 6.4 
110.000 630.000 Record 6.5 
136.000 621.000 Record 6.6 
155.000 606.000 Record 6.7 
180.000 592.500 Record 6.8 
190.000 587.500 Record 6.9 
200.000 581.000 Record 6.10 
202.000 580.000 Record 6.11 
210.000 573.500 Record 6.12 
224.000 560.000 Record 6.13 
258.000 560.000 Record 6.14 
999 0. Record 6.15 
0.000 591.000 Record 7.1.1 
94.000 590.000 Record 7.1.2 
240.000 540.000 Record 7.1.3 
999 0. Record 7 .1.4 
59.500 636.800 Record 8.1 
74.500 612.500 Record 8.2 
94.000 593.000 Record 8.3 
100.000 589.500 Record 8.4 
110.000 585.500 Recora 8.5 
136.000 576.800 Record 8.6 
155.500 570.500 Record 8.7 
!80.000 562.000 Record 8.8 
190.000 558.500 Record 8.9 
200.000 554.500 Record 8.10 
212.500 550.500 Record 8.ll 
214.000 550.000 Recora 8.12 
225.500 557.500 Record 8.13 
229.000 560.000 Recore 8.14 
999 0. Recora 8.15 
0.33 0.00 0.00 Record 9 
0.000 621.000 Record 10.1 
74.500 612.500 Record 10.2 
94.000 610.000 Record 10.3 
100.000 607.000 Record 10.4 
110.000 603.000 Record 10.5 
136.000 591.000 Record 10.6 
179.000 571.000 Record 10.7 
200.000 562.000 Record 10.8 
202.000 561.000 Record 10.9 
210.500 557.500 Record 10.10 
214.000 556.000 Record 10.11 
225.000 551.000 Record 10.12 
260.000 544.000 Record 10.13 
999 o. Record 10.14 
0. 0. 0. 0. Record 11 
0.00 0.00 Record 12 
0.000 0.000 0.000 0.000 0.000 0.000 0.00 Record 13 
0.000 0.000 0.000 Record 14 
0.00 0.00 0 0.00 Record 15 
-----------------------------------------------------------------------------------NOTES: 
1. 
2. 
GSEARC • 0; ahear aurface coordinate& must be entered (Record 
Numbers 8.1 through 8.15). 
Value of RU on Record Number 5.1 aet equal to 3.5~i therefore! 
ground water coordinates are entered on Record ftumbers 10. 
through· 10.14. Value of RU on Record Number 5.2 aet equal to 
Eero or left blank. 
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EXAMPLE 13: HOLLOW FILL SLOPE 
The hollow fill shown in Figure 39 was selected to test the psuedo-statical earthquake routine in the 
HOPK-1 program. The problem, which involves a circular failure surface and a homogeneous coal disposal 
fill, also was solved using the earthquake routine in the REAME program (23). Coded data for the HOPK-1 
program are tabulated in Table 34. GSEARC on Record Number 4 is set equal to 1. Hence, x- and y-
coordinates of the center of the circular shear surface must be supplied on Record Number 14. The 
coordinates of the center of the circle are coded under XSTART and YSTART. Since only one circle is 
used, then other values for the grid need not be entered. However, the radius of the circle must be entered 
on data line 15 under ROI (XE and YE need not be entered). The seismic coefficient used in the analysis 
was 0.1, entered on Record Number 15 as SEMC. The value of 0.5 was entered for HQ on this data line 
since the earthquake force was to be placed at the centroids of the slices. However, the earthquake forces 
may be located at any position on each slice in the HOPK-1 program. Using the REAME program and a 
seismic coefficient of 0.1, a factor of safety of 1.59 was obtained. The HOPK-1 program yielded a value of 
1.58. The difference in the two solutions was 0.6 percent. 
EXAMPLE 14: EARTH DAM WITH STEADY-STATE SEEPAGE 
A cross section of this example is shown in Figure 40. Coded data are illustrated in Table 35. The 
example appears in Lambe and Whitman's book (18), page 151. They solved the problem using hand 
calculations and the simplified Bishop method. They reported a safety factor of 1.31. Using the KY-
BISHOP program, a value of 1.385 was obtained. 
Since the problem involves a circular shear surface, GSEARC is set equal to 1 on Record Number 
4, as shown in Table 35. On Record Number 5, the first value of RU(M) is set equal to 3.5; consequently, 
coordinates of the phreatic surface (scaled from Lambe and Whitman's figure) are entered on Record 
Number 10. Coordinates of the center of the circle are entered on Record Number 14. Since only one 
circle is used, the radius of the circle (R01) is entered on Record Number 15. The parameters XE and YE 
need not be entered. A factor of safety of 1.377 was obtained. A value of 1.385 was obtained from the KY-
BISHOP program. This value was about 0.6 percent lower than the factor of safety obtained from the KY-
BISHOP program and about 4.9 percent larger than the value obtained by Lambe and Whitman using hand 
calculations. The differences between solutions obtained from the HOPK-1 and KY-BISHOP programs 
and the solution obtained by Lambe and Whitman could be attributed to the small number of slices used by 
those authors and the inability to accurately obtain exact coordinates from the drawing. 
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TABLE 34. CODED DATA FOR EXAMPLE 13 
············----------------------------------------------------------------······· 5 6 1 Record 1 
042484 HOLLOW COAL WASTE DISPOSAL FILL: EX. 13. Record 2 
0.0000 20 0 Record 3 
1 1 1 Record 4 
0.4090 30.3000 0.1050 0.0000 0.0000 Recora 5.1 
0.0000 32.0000 0.1060 0.0000 0.0000 Record 5.2 
999 0. 0. 0. 0. Record 5.3 
0.000 653.000 Record 6.1 
62.000 642.000 Recora 6.2 
376.000 640.000 Record 6.3 
516.000 589.000 Record 6.4 
536.000 589.000 Record 6.5 
676.000 539.000 Recora 6.6 
696.000 539.000 Record 6.7 
836.000 489.000 Recora 6.8 
856.000 489.000 Record 6.9 
996.000 439.000 Record 6.10 
1016.000 439.000 Record 6.11 
1154.000 389.000 Record 6.12 
1221.000 386.000 Record 6.13 
1576.000 245.000 Record 6.14 
1800.000 245.000 Record 6.15 
999 0, Record 6.16 
0.000 653.000 Record 6.17 
62.000 642.000 Record 7.1.1 
236.000 588.000 Record 7.1.2 
446.000 491.000 Record 7 .1.3 
646.000 394.000 Record 7.1.4 
676.000 389.000 Recoro 7.1.5 
1154.000 389.000 Record 7.1.6 
1221.000 386.000 Record 7.1.7 
1576.000 245.000 Record 7.1.8 
1800.000 245.000 Record 7.1.9 
999 o. Record 7 .1.10 
653.000 Record 7.2.1 0.000 
62.000 
236.000 
446.000 
646.000 
676.000 
963.000 
1172.000 
1296.000 
1396.000 
1576.000 
1800.000 
999 
0.33 
o. o. 
0.09 
1400.000 
1000.000 
0.00 
642.000 Record 7.2.2 
588.000 Record 7.2.3 
491.000 Record 7.2.4 
394.000 Record 7.2.5 
389.000 Record 7.2.6 
326.000 Record 7.2.7 
310.000 Record 7.2.8 
293.000 Record 7 .2.9 
271.000 Record 7.2.10 
227.000 Record 7.2.11 
227.000 Record 1.2.12 
0. Record 7 .2.13 
0.00 0.00 Record 9 
0. 0. Recora 12 
0.50 Record 13 
2050.000 1400.000 2050.000 0.000 0.000 0.00 Record 14 
400.000 1753.000 Record 15 
0.00 0 0.00 Record 16 
NOTES: 
1. GSEARC • 1; x- and y-coordinates of trial circle entered on 
Record Number 14. Radius of circle entered on Record Number 15. 
2. 
3. 
Actual values of RU (less than 1.0) on Record Number& 5.1 and 
5.2 uaed to compute pore pressures. 
Seismic coefficient (SEMC) and location of Seiamic force& (BQ) 
entered on Record Number 13. 
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TABLE 35. CODED DATA FOR EXAMPLE 14 
8888888888~888K88888a&aaaaa&88aa•aaa&aaaaaaaaaaaa88aaaaaaaSDDR8DBDDaaaaaDDDDaaaaaaa 
5 6 1 Record 1 
020882 EX. 1A;LAMBE/WHIT.,P.359 F.S.•1.31: EXAMPLE 14. Record 2 
o.oooo 76 0 Record 3 
1 1 1 Record 4 
0.0900 32.0000 0.1250 3.5000 0.0000 Record 5.1 
999 o. o. o. o. Record 5.2 
0.000 520.000 Record 6.1 
112.000 520.000 Record 6.2 
142.500 500.000 Record &.3 
200.000 500.000 Recora 6.4 
999 o. Record 6.5 
o.ooo 495.000 Record 7.1.1 
200.000 495.000 Record 7.1.2 
999 o. Record 7.1.3 
0.33 o.oo o.oo Record 9 
o.ooo 515.000 Record 10.1 
107.500 514.000 I Record 10.2 
112.500 512.700 I Record 10.3 
115.000 511.750 I Record 10.4 
117.500 510.750 I Record 10.5 
120.000 510.000 I Record lO.b 
122.000 509.000 I Record 10.7 
123.750 508.000 I Record 10.8 
125.750 507.000 I Record 10.9 
127.000 505.750 I Record 10.10 
128.500 504.500 I Record 10.11 
130.000 503.250 I Record 10.12 
131.250 501.250 I Record 10.13 
132.750 500.500 I Record 10.14 
133.000 400.000 I Record 10.15 
200.000 400.000 I Record 10.16 
999 o. I Record 10.17 
o. o. o. o. I Record 12 
o.oo o.oo I Record 13 
137.000 530.000 137.000 530.000 0.000 o.ooo o.ool Record 14 
108.716 520.000 30.000 I Record 15 
o.oo o.oo 0 0.00 I Record lb 
-----------------------------------------------------------------------------------
NOTES: 
1. GSEARC • 1; x- and y-coordinates of trial circle entered on 
Record Number 14. Radius of circle entered on Record Number 15. 
Record NUII!ber 8 omitted. 
2. Value of RU set equal to 3.5 on Record Number 5.1; therefore, 
ground water coordinates are entered on Record Numbers 10.1 
through 10.17. 
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EXAMPLE 15: MlLL CREEK DAM, DOWNSTREAM SLOPE 
A cross section of the downstream slope of Mill Creek dam is shown in Figure 41. Originally, the 
dam was intended to have a core constructed of clay and shells (located upstream and downstream of the 
core) constructed of durable rock. Unfortunately, no transitional filters were constructed between the clay 
core and rock shell contacts. However, nondurable shales, which had weathered over the period of time the 
dam had been in service, were used to construct the rock shells. Essentially, the dam behaved as a 
"homogeneous" structure, although not by design. Piezometers were installed to locate the phreatic surface. 
Since the dam had been in service over 15 years, the seepage was assumed to be steady-state. A study (34) 
was initiated to assess the stability of the dam. 
Slope stability analyses of the downstream slope using the ICES LEASE and HOPK-I programs 
were performed. Search grids contained in both programs were used to locate the most critical circle 
having a minimum factor of safety. Coded data for the HOPK-I program are illustrated in Table 36. 
GSEARC is set equal to 1 on Record Number 4 since a grid search is required. Since GSEARC is equal to 
1, coordinates of the grid must be supplied on Record Number 14. In this case, XSTART, YSTART, 
XFIN, and YFlN were 770, 710, 820, and 680, respectively. The parameters XDEL, YDEL, and RDEL 
were set equal to 10, 10, and 5, respectively. Coordinates (XE, YE) of the point on the cross section where 
the initial radii for each grid point were 800 and 578, respectively. These values were entered on Record 
Number I5. Soil properties of each layer are entered on Record Number 5. The frrst value of RU(M) 
corresponding to Layer 1 (Record Number 5.1) was set equal to 3.5; hence, ground-water coordinates were 
entered on Record Number 11. After the large grid search was performed, a smaller grid was used. A 
factor of safety of 1.82 was obtained from the HOPK-1 program. The search operation of the ICES LEASE 
program yielded a value of 1.81, or a difference of about 0.5 percent. The critical circles obtained from the 
two different programs and models are compared in Figure 41. The two circles are nearly identical. 
The downstream slope also was analyzed using the wedge option of the HOPK-1 program. Various 
wedge-shaped failure masses shown in Figure 42 were assumed. Coded data for one of the assumed 
wedged-shaped, failure surfaces, denJ1, are illustrated in Table 37. In these analyses, the coordinates of the 
shear surface were entered (Record Number 8) for each wedge-shaped failure mass and for each run. The 
factors of safety obtained from these analyses are plotted as a function of horizontal distance, as shown in 
Figure 42. The minimum factor of safety, as shown in Figure 41, was 1.96, or about 7 percent higher than 
tbe value obtained from the circular analysis. 
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TABLE 36. CODED DATA FOR EXAMPLE 15 
88DDD8DDa8aaaaaaaaaaaaBaBaaaasMBB8DBaDBBBDBBD&aaaaaaaaaaaaDDDDDBDDBBB8BDaDBDBaaaaam 
5 6 1 Record 1 
081082 MILL CREEK DAM-CIRCLE ANALYSIS: EXAMPLE 15 l.ecord. 2 
o.oooo 76 0 llecora 3 
1 1 1 Record 4 
o.oooo o.oooo 0.0624 3.5000 o.oooo J.ecord 5.1 
0.5730 28.0000 0.1350 o.oooo o.oooo Record 5. 2 
0.2711 30.6000 0.1350 o.oooo o.oooo Record 5.3 
o. 3050 25.9000 0.1320 o.oooo o.oooo Record 5.4 
o.oooo 33.8000 0.1310 o.oooo o.oooo Recora 5.5 
999 o. o. o. o. Record 5. 6 
0.000 610.500 Record 6.1 
648.000 610.500 Record 6.2 
658.500 615.500 Record 6.3 
668.000 620.500 Record. 6.4 
683.000 621.000 Record 6.5 
700.000 619.500 Record 6. 6 
722.000 616.000 Record 6.7 
800.000 578.000 Record 6.8 
950.000 559.000 RecorQ 6.9 
1100.000 559.000 Record 6.10 
999 o. Recora 6.11 
0.000 558.000 Record 7 .1.1 
544.000 558.000 Record 7. 1. 2 
648.000 610.500 Record 7 .1. 3 
658.500 615.500 Record 7 .1. 4 
668.000 620.500 Record 7 .1. 5 
683.000 621.000 Record 7 .1. 6 
700.000 619.500 Record 7.1.7 
722.000 616.000 Record 7.1.8 
800.000 578.000 Record 7 .1. 9 
950.000 559.000 Record 7 .1.10 
1100.000 559.000 Record 7.1.11 
999 o. Record 7.1.12 
o.ood 558.000 Record 7.2.1 
544.000 558.000 Record 7.2.2 
648.000 610.50('1 Recor,.l ., · 
658.500 ~,. 
668.000 
683.0' .• o 70' 
·"" ..... ~,.~. 1.4.9 ~~1.000 Record 7.4.10 
544.000 Record 7 .4.ll 
-~0 544.000 Record 7.4.12 
.. o.OOO 544.000 Record 7.4.13 
110.000 547.000 Record 7.4.14 
712.000 559.000 Record 7 .4.15 
751.000 558.000 Recora 7 .4.16 
790.000 560.000 Record 7.4.17 
83a.ooo ~60.000 Record ~.4.18 
95 .ooo 59.000 Record .4.19 
noo.ooo 559.000 Record 7.4.20 
999 o. Record 7.4.21 
o.ooo 548.000 Record 7.5.1 
548.000 548.000 Record 7.5.2 
690.000 547.000 Record 7.5.3 
694.000 547.000 Record 7.5.4 
694.000 544.000 Record 7.5.5 
706.000 544.000 Record 7.5.6 
706.000 547.000 Record 7 .5. 7 
710.000 547.000 Record 7.5.8 
950.000 547.000 Record 7.5.9 
noo.ooo 547.000 Record 7.5.10 
999 o. Record 7.5.11 
0.33 o.oo o.oo Record 9 
o.ooo t10.500 Record 10.1 
648.000 10.500 Recora 10.2 
652.000 606.000 Record 10.3 
656.000 602.000 Record 10.4 
664.000 598.000 Record 10.5 
680.000 593.000 Record 10.6 
700.000 589.000 Record 10.7 
807.000 577.000 Record 10.8 
843.000 572.000 Record 10.9 
871.000 569.000 Record 10.10 
950.000 559.000 Record 10.11 
999 o. Recora 10.12 
o. o. o. o. Record 12 
o.oo o.oo Record 13 
770.000 710.000 820.000 680.000 10.000 10.000 5.00 Record 14 
800.000 578.000 0.000 Record 15 
0.00 0.00 0 o.oo Record 16 
NOTES: 
l. GSEARC • 1; x- and y-coordinates of trial circles and :z., y r 
increments of search grid must be entered on Record Number 14. 
Record Number 8 omitted since coordinates of shear surfaces are 
aenerated by computer program. 
2. Value of RU on Record Number 5.1 set equal to 3.5; therefore, 
coordinates of ground water table are entered on Record Numbers 
10.1 through 10.12. Values of RU on Record Numbers 5.2 thro~h 
5.6 set equal to &ero or left blank. Record Number 11 omitted. 
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TABLE 37. CODED DATA FOR EXAMPLE 15 ·-------------------REaRaaaaa••······--------------ECRCR __________________________ _ 
5 6 1 Record 1 
081082 MILL CREEK DAM-WEDGE ANALYSIS Record 2 
0.0000 76 0 llecorG 3 
0 1 1 llecord 4 
0.0000 0.0000 0.0624 2.5000 0.0000 Record 5.1 
0.5730 28.0000 0.1350 0.0000 0.0000 Record 5.2 
0.2711 30.6000 0.1350 0.0000 0.0000 Record 5.3 
0.3050 25.9000 0.1320 0.0000, 0.0000 Record 5.4 
0.0000 30.0000 0.1310 0.0000 0.0000 Record 5.5 
999 Q, 0. 0. 0. Recora 5.6 
0.000 610.500 Record b.! 
648.000 610.500 llecorct 6.2 
658.500 615.500 Record 6.3 
668.000 620.500 Record 6.4 
683.000 62!.000 Record 6.5 
700.000 619.500 Record 6.6 
722.000 616.000 Record 6. 7 
800.000 578.000 Recoro 6.8 
950.000 559.000 Recora 6.9 
1100.000 559.000 Record 6.10 
999 0. Record 6.11 
0.000 558.000 Record 7.1.1 
544.000 558.000 Recora 7.1.2 
648.000 610.500 Record 7.1.3 
658.500 620.500 Record 7.1.4 
668.000 620.500 Record 7.1.5 
683.000 621.000 Record 7.1.6 
700.000 619.500 Record 7.1.7 
122.000 616.000 Record 7.1.8 
800.000 578.000 Record 7.1.9 
950.000 559.000 Record 7.1.10 
1100.000 559.000 Record 7.1.11 
999 0. Record 7.1.12 
0.000 558.000 Record 7.2.1 
544.000 558.000 Record 7 .2.2 
648.000 610.500 Record 7.2.3 
658.500 620.500 Recora 7.2.4 
668.000 620.500 Recora 7.2.5 
683.000 621.000 Recora7.2.b 
700.000 619.500 Record 7.2.7 
122.000 616.000 R•rnrri ~ ~ 
800.000 57• 
0" 
835.000 
950.1'"' 
ll"~ 
•• uOO 
£06.000 
710.000 
712.000 
751.000 
790.000 
835.000 
950.000 
uoo.ooo 
999 
o.ooo 
548.000 
690.000 
694.000 
694.000 
706.000 
706.000 
710.000 
950.000 
uoo.ooo 
999 
700.000 
751.000 
860.000 
874.000 
999 
0.33 
o.ooo 
648.000 
652.000 
656.000 
664.000 
680.000 
700.000 
807.000 
843.000 
871.000 
950.000 
.wo 
.J47.000 
544.000 
544.000 
544.000 
547.000 
559.000 
558.000 
560.000 
560.000 
559.000 
559.000 o. 
548.000 
548.000 
547 .ooo 
547.000 
544.000 
544.000 
547.000 
547.000 
547.000 
547.000 o. 
619.500 
558.000 
558.000 
569.000 o. 
o.oo 
610.500 
610.500 
606.000 
602.000 
598.000 
593.000 
589.000 
577.000 
572.000 
569.000 
559.000 
999 o. o. o. o. o. 
0.00 o.oo 
0.00 
o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 
__ o.:..·:..:oo __ ~o.:..:.oo:.:.---~---~~-0 --------------· 
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o.oo 
Record 7.4.9 
Record 7 .4.10 
Record 7 .4.11 
Record 7 .4.12 
Record 7.4.13 
Record 7 .4.14 
Record 7.4.15 
Record 7.4.16 
Record 7.4,17 
Record 7 .4.Us 
Record 7.4.19 
Record 7.4.20 
Record 7.4.21 
Record 7.5.1 
Record 7 .5.2 
Record 7.5.3 
Record 7.5.4 
Record 7.5.5 
Recorcl. 7.5.6 
Record 7.5.7 
Record 7.5.8 
Record 7 .5.9 
Record. 7.5.10 
Record 7.5.11 
Recora 8.1 
Record 8.2 
Record 8.3 
Record 8.4 
Record 8.5 
Record 9 
Record 11.1 
Record 11.2 
Record 11.3 
Record 11.4 
Record 11.5 
Record 11.6 
Record 11.7 
Record 11.8 
a.ecord 11.9 
Record 11.10· 
R.ecord 11.11 
Record 11.12 
Record 12 
i.ecord 13 
Record 14 
l.ecora 15 
Record 16 
EXAMPLE 16: MILL CREEK DAM, UPSTREAM SLOPE 
The upstream slope of the Mill Creek Dam described in Example 15 was analyzed to study the 
affect of rapid drawdown on stability. Coded data are shown in Table 38 (pool elevation equal to 780 feet). 
Lowering of the pool might occur in the event of an emergency situation or when repairs of the dam are 
required. The phreatic surface in the rapid drawdown analyses was assumed to follow along the face of the 
upstream slope. Permeability tests on the shell materials (essentially weathered clay shales) yielded values 
of 1.3 x 10·8 centimeters per second. Hence, little drainage would occur during a short drawdown period. 
Results of rapid-drawdown analyses, assuming various wedge-shaped and circular failure configurations 
and various pool elevations, are shown in Figure 43. Factors of safety obtained from the analyses are 
plotted as a function of pool elevation. A factor of safety of 1.04 was obtained from the HOPK-1 and ICES 
LEASE programs (pool elevation equal 780 feet). Critical circles from the two programs are nearly 
identical as shown in Figure 43. 
EXAMPLE 17: EMBANKMENT ON A SOFf CLAY FOUNDATION 
Example 17 is a hypothetical embankment on a soft clay foundation, as shown in Figure 44. Coded 
data are shown in Table 39. Stability analyses for this example were published by Chirapuntu and Duncan 
(26). Their results demonstrate that a low safety factor may be obtained when the Bishop method of slices 
is used to analyze slope stability problems involving deep failure circles having steeply sloping ends. 
Chirapunta and Duncan analyzed this example using the Bishop simplified method of slices, the ordinary 
method of slices, Spencer's method of slices, Morgenstern and Price's generalized method of slices, and a 
procedure referred to as "EMSTAB" they had developed. Their results are tabulated in Table 40. Results 
of the search analysis are shown in Figure 44. 
Based on the Bishop method, and using a search analysis, a factor of safety of 1.55 was obtained. 
Peak shear strengths of the embankment and foundation were used in the analyses tabulated in Table 40. 
The critical circle from the Bishop method is shown in Figure 44. Using this circle and the ordinary 
methods of slices, EMST AB (26), and Spencer's method (first version) they obtained factors of safety of 
1.88, 2.03, and 1.88, respectively. Morgenstern and Price's method failed to converge for this circle, 
although (according to Chirapunta and Duncan) several trial values of f(x) were attempted. Using the 
HOPK-I computer program, a factor of safety of 1.98 was obtained for the critical circle obtained from the 
Bishop method. This safety factor is very close to the value obtained from EMSTAB. This value was 
close to values obtained from the ordinary method of slices and Spencer's method. The factor of safety 
obtained from Bishop's method was much lower, some 18 to 24 percent lower, than the values obtained 
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TABLE 38. CODED DATA FOR EXAMPLE 16 
····--······-----·········--E·E································--------------------5 6 1 Record 1 
031583 MILL CREEK DAM-WEDGE- UPSTREAM SLOPE: EXAMPLE 16 Record 2 
0.0000 76 0 llecord 3 -
1 1 1 Record 4 
0.0000 0.0000 0.0624 3.5000 0.0000 J.ecord 5.1 
0.5730 28.0000 0.1350 o.oooo 0.0000 Record 5.2 
0.2711 30.6000 0.1350 0.0000 0.0000 Record 5.3 
0.3050 25.9000 0.1320 0.0000 0.0000 Record 5.4 
0.0000 33.8000 0.1310 0.0000 0.0000 Record 5.5 
999 0. 0. 0. 0. Record 5.6 o.ooo 559.000 Record 6.1 
150.000 578.000 Record 6.2 
228.000 616.000 Record 6.3 
250.000 619.500 Record 6.4 
267.000 621.000 Recore 6.5 
282.000 620.500 Record 6.6 
302.000 610.500 Recore 6.7 
382.230 570.000 Record 6.8 
980.000 570.000 Record 6.9 
999 0. Record 6.10 
0.000 559.000 Record 7.1.1 
150.000 578.000 Record 7.1.2 
228.000 616.000 Record 7.1.3 
250.000 619.500 Record 7.1.4 
267.000 621.000 Record 7 .1.5 
282.000 620.500 Record 7.1.6 
302.000 610.500 Record 7.1.7 
382.230 570.000 Record 7.1.8 
406.000 558.000 Record 7.1.9 
980.000 558.000 Record 7.1.10 
999 0. Record 7.1.11 
0.000 559.000 Record 7.2.1 
115.000 560.000 Record 7.2.2 
150.000 578.000 Record 7.2.3 
228.000 616.000 Record 7.2.4 
250.000 619.500 Record 7.2.5 
267.000 621.000 Record 7.2.6 
282.000 620.500 Record 7.2.7 
302.000 610.500 Record 7.2.8 
382.230 570.000 Record 7.2.9 
406.000 558.000 Record 7.2.10 
980.000 558.000 Recore 7.2.11 
999 0. Record 7.2.12 
0.000 559.000 Record 7.3.1 
115.000 560.000 Record 7.3.2 
lQQ.OOO 558.000 Record 1.~ 
·-"' 000 RecoT"" · ·- .• J.5 
iiii6.ooo 
980.000 
999 
:J.n .. • -
558.000 o. 
547.000 
547.000 
547.000 
544.000 
544.000 
547.000 
547.000 
548.000 
548.000 
.• 1.4.16 
.,~cord 7. 4.11 
Record 7 .4.18 
Record 7.4.19 
Record 7.5.1 
Record 7.5.2 
Record 7.5.3 
Record 7.5.4 
Record 7.5.5 
Record 7.5.6 
Record 7.5.7 
Record 7.5.8 
Record 7.5.9 
Record 7.5.10 
Record 9 
Record 10.1 
Recorci 10.2 
Record 10.3 
Record 10.4 
Record 10.5 
Record 10.6 
Record 10.7 
Record 10.8 
Record 10.9 
Record 10.10 
Record 10.11 
Record 12 
Record 13 
999 
999 
o.ooo 
240.000 
244.000 
244.100 
256.000 
256.100 
260.000 
406.000 
980.000 
0.33 
0.000 
150.000 
251.000 
272.000 
286.000 
292.000 
298.000 
302.000 
382.230 
980.000 
o. o. 
0.00 
360.000 
332.000 o.oo 
o. 
0.00 
559.000 
578.000 
m:888 
598.000 
601.000 
606.000 
610.500 
570.000 
570.000 o. o. o. 
o.oo 
0.00 
780.000 420.000 700.000 
580.000 o.ooo o.oo 0 o.oo 
20.000 20.000 5.00 Record 14 
Recore 15 
Record 16 -------------------------------------
NOTES: 
l. 
2. 
GSEARC • 1; r and y-eoordinates of trial circles and x, y r 
increments of aearch grid aust be entered on Record Number l4. 
Record Number 8 omitted &ince coordinates of shear surfaces are 
aenerated by ·cCRDputer program. 
Value of RU on Record Number 5.1 set equal to 3.5; therefore, 
coodinatee of ground water table are entered on Record N\lllber& 
10.1 through 10.11. Values of RU on Record Numbers 5.2 through 
5. 6 set equal to &ero or left blank.. Record lhsber 11 1& 
OBit ted. 
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TABLE 39-A. CODED DATA FOR EXAMPLE 17-A 
888aaaaaaaa-.aaaaaaaaaaaaaaaa8M888888M8RMMM8M8888M8aaaaDBB888aM88aMDM88&88M88aMDDU8 
5 6 1 I Record 1 
040880 CHIRAPUNTU/DUNCAN:FIG.34,ROLE OF SH,STRN I Record 2 
o.oooo 76 20 I Record 3 
1 1 1 I Record 4 
2.0000 15.0000 0.1265 o.oooo o.oooo I RecorCI. .5.1 
0.2500 o.oooo 0.0950 o.oooo 50.0000 I Record 5.2 
0.2500 o.oooo 0.0000 o.oooo 45.0000 I Record 5.3 
0.6000 o.oooo 0.0000 o.oooo 10.0000 I Record 5.4 
999 o. o. o. o. I Record 5.5 
o.ooo 68.100 I Record 6.1 
80.000 68.100 I Record 6.2 
100.000 68.100 I Record 6. 3 
135.640 50.000 I Record 6.4 
500.000 50.000 I Record 6.5 
999 o. I Record 6.6 
o.ooo 50.000 I Record 7 .1.1 
500.000 50.000 I Record 7.1.2 
999 o. I Record 7 .1. 3 
0.000 10.000 I Record 7.2.1 
500.000 10.000 I Recoro 7 .2.2 
999 o. I Record 7.3.3 
0.33 o.oo o.oo I Record 9 
o. o. 0. 0. I Record 12 
o.oo o.oo I Record 13 
117.800 70.000 117 .BOO 70.000 5.000 5.000 4.001 Record 14 
118.000 42.000 35.000 I Recent 15 
0.00 o.oo 0 o.oo I Record 16 
TABLE 39-B. CODED DATA FOR EXAMPLE 17-B 
-----------------------------------·········--···························-········· 
5 6 1 Record 1 
040880 CHIRAPUNTU/DUNCAN:FIG.34,ROLE OF SH,STRN Record 2 
o.oooo 76 20 Record 3 
1 1 1 Record 4 
2.0000 15.0000 0.1265 o.oooo 0.0000 Record 5.1 
0.2500 o.oooo 0.0950 o.oooo 50.0000 Record 5.2 
0.2500 o.oooo o.oooo o.oooo 45.0000 Record 5.3 
0.6000 0.0000 0.0000 o.oooo 10.0000 Recore 5.4 
999 o. o. 0. o. Record 5.5 
0.000 68.100 Record b.l 
80.000 68.100 Record 6.2 
100.000 68.100 Record 6.3 
135.640 50.000 Recorci 6.4 
500.000 50.000 Record 6.5 
999 o. Recor«l 6.6 
o.ooo 50.000 Record 7 .1.1 
500.000 50.000 Record 7.1.2 
999 0. Record 7.1.3 
0.000 )0.000 Record 7.2.1 
500.000 10.000 Record 7 .2.2 
999 o. Record 7.2.3 
0.33 0.00 o.oo Record 9 
o. o. o. o. Record 12 
o.oo o.oo &.ecord 13 
110.000 88.100 125.000 68.100 5.000 5.000 4.ool Record U 
118.000 42.000 o.ooo I &.ecord 15 
o.oo o.oo 0 o.oo I Record 16 
-----------------------------------------------------------------------------------
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TABLE 40. FACTORS OF SAFETY OBTAINED FROM VARIOUS 
SLOPE STABILITY MODELS, EXAMPLE 17 
================================================·= 
METHOD 
Chir. - Dun. 
LEASE 
Bishop 
OMS 
HOPK-I 
NOTES: 
INTACT 
FILL 
1.25 
1.20 
1.32 
1.42 
TENSION 
CRACK 
1.00 
0.94 
Circle Inferred from ISBILD 
OMS -- Ordinary Method of Slices 
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0.80 
0.80 
0.81 
from the other methods. The lower value, as shown by Chirapunta and Duncan, was a result of negative 
normal stresses occurring at the ends of the slip circle. This aspect of Bishop's method also has been 
described by Whitman and Bailey (27). When deep failures with .steeply sloping failure surfaces are 
encountered, Whitman and Bailey recommended that a warning should be included in the slope stability 
computer program. They also recommended that other stability models should be used when such a condi-
tion is encountered. 
Factors of safety obtained from the ordinary method of slices and EMST AB using search analyses 
were 1.80 and 1.79, respectively. Using search analysis, a factor of safety of 1.795 was obtained from 
HOPK-1. The critical circle obtained from this program is compared to the critical circles obtained from 
Bishop's method, the ordinary method of slices, and the EMSTAB method in Figure 44. Using Spencer's 
method, Cbirapunta and Duncan obtained a convergent solution for the critical circle obtained from 
Bishop's method. However, they could not obtain convergent solutions when a search analysis was used. 
Moreover, when Morgenstern and Price's method was used, they could not obtain a convergent solution for 
the critial circle from Bishop's method nor when a search analysis was tried, although several f(x) functions 
were used. Example 17 illustrates some of the difficulties encountered when different slope stability 
models are applied to problems involving embankments on soft clay foundations. 
Example 17 was analyzed using HOPK-I assuming a tension crack in the embankment A search 
analysis using the variable tension crack option was performed to obtain the most critial circle. For each 
trial circle, the crack depth was allowed to vary until a compatible depth of tension crack and factor of 
safety were obtained. The factor of safety was 0.83. The critical circle and crack are shown in Figure 44. 
The factor of safety, based on the crack analysis, was some llO percent smaller than the factor of safety (= 
1.795) obtained when the analyses were performed without a tension crack. The analyses based on the 
tension crack show that the embankment would fail. 
EXAMPLE 18: EMBANKMENT ON A CLAY FOUNDATION 
Example 18, as shown in Figure 45, is an embankment located on a soft foundation. The undrained 
shear strength as a function of depth is shown in the left portion of Figure 45. Coded data are shown in 
Table 41. This example illustrates data entry when the undrained shear strength varies with depth. The 
circle in Figure 45, as published by Chirapunta and Duncan (26), was inferred from the finite element 
program entitled ISBILD. Factors of safety obtained by Cbirapunta and Duncan are tabulated in Table 42. 
They obtained a factor of safety of 1.25 (assuming no tension crack) for the circle shown in Figure 45. 
When a tension crack was assumed, the factor of safety obtained by Chirapunta and Duncan was 1.00. 
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Figure45. Embankment on a Soft Clay Foundation --Example 18. 
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TABLE 41-A. CODED DATA FOR EXAMPLE 18-A 
·········-·····--········--··············-~------·································· 
5 6 1 Record 1 
091285 EXAMPLE 18A Record 2 
o.oooo 76 0 Record 3 
1 1 1 Record 4 
2.0000 15.0000 0.1265 o.oooo o.oooo 0.0000 Record 5.1 
1.0000 0.0000 0.1060 o.oooo 70.0000 o.oooo Record 5.2 
0.9330 0.0000 0.0000 o.oooo 68.0000 o.oooo aecord s. 3 
0.7330 0.0000 o.oooo o.oooo 62.0000 0.0000 Record 5.4 
0.6000 o.oooo o.oooo 0.0000 58.0000 o.oooo Record 5.5 
0.6000 o.oooo 0.1000 0.0000 58.0000 o.oooo Record 5.6 
0.6400 0.0000 0.0000 0.0000 54.0000 0.0000 Record 5.7 
0.7400 0.0000 0.0000 o.oooo 44.0000 o.oooo Record 5.8 
0.8900 o.oooo o.oooo o.oooo 29.0000 o.oooo Record 5.9 
0.9800 o.oooo o.oooo o.oooo 20.0000 0.0000 Record 5.10 
999 o. o. o. o. o. Record 5.11 
o.ooo 108.000 Record 6.1 
420.000 108.000 Record 6.2 
496.000 70.000 Record 6.3 
800.000 70.000 Record 6.4 
999 o. Record 6.5 
0.000 70.000 Record 7.1.1 
800.000 70.000 I Record 7 .l. 2 
999 o. I Record 7.1.3 
0.000 58.000 I Record 7.2.1 
800.000 58.000 I Record 7.2.2 
999 o. I ReCord 7.2.3 
o.ooo 20.000 I Record 7.3.1 
800.000 20.000 I Record 7.3.2 
999 o. I Record 7.3.3 
0.33 0.00 0.00 I Record 9 
o.oo 0.00 0.00 0.00 I Record 12 
o.oo o.oo I Record 13 
458.500 111.000 458.500 111.000 0.000 o.ooo o.ool Record 14 
0.000 o.ooo 76.000 I Record 15 
0.00 o.oo 0 o.oo I Record 16 
-----------------------------------------------------------------------------------
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TABLE 41-B. CODED DATA FOR EXAMPLE 18-B 
······-············&···--------------····························--·-··········-··· 
5 6 1 Record 1 
091285 EXAMPLE 18B Record 2 
0.0000 76 0 Record 3 
1 1 1 Record 4 
2.0000 15.0000 0.1265 0.0000 0.0000 0.0000 Record. 5.1 
0.9330 0.0000 0.1060 0.0000 0.0000 o.oooo Record 5.2 
0.7330 o.oooo 0.1060 o.oooo 0.0000 0.0000 Record 5.3 
0.6400 0.0000 0.1000 0.0000 o.oooo 0.0000 Record 5.4 
0.7400 0.0000 0.1000 0.0000 0.0000 0.0000 Record 5.5 
0.8900 0.0000 0.1000 o.oooo o.oooo o.oooo Record 5.6 
999 o. o. o. 0. o. Record 5.7 
0.000 108.000 Record 6.1 
420.000 108.000 Record 6.2 
496.000 70.000 Record 6.3 
800.000 70.000 Record 6.4 
999 o. Record 6.5 
0.000 70.000 Record 7.1.1 
800.000 70.000 Record 7 .1. 2 
999 0. Record 7 .1. 3 
o.ooo 66.000 Record 7.2.1 
800.000 66.000 k.ecord 1.2.2 
999 o. Record 7.2.3 
0.000 58.000 Record 7.3.1 
800.000 58.000 Record 7.3.2 
999 o. Record 7.3.3 
o.ooo 50.000 Record 7.4.1 
800.000 50.000 Record 7.4.2 
999 o. Record 7.4.3 
o.ooo 38.000 Recora 7.5.1 
800.000 38.000 Record 7.5.2 
999 o. Record 7.5.3 
o.ooo 20.000 Record 7.6.1 
800.000 20.000 Record 7.6.2 
999 o. Record 7.6.3 
0.33 o.oo o.oo I Record 9 
o.oo 0.00 0.00 0.00 I Record 12 
o.oo o.oo I Record 13 
458.500 in.ooo 458.500 Ill. 000 o.ooo 0.000 o.ool Record 14 
0.000 o.ooo 76.000 I Record 15 
0.00 38.00 0 o.oo I Record 16 
-------------------------------------------------------------------------
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TABLE 42. FACTORS OF SAFETY OBTAINED FROM VARIOUS 
SLOPE STABILITY MODELS, EXAMPLE 18 
a========================================================= 
METHOD 
Bishop II 
OMS II 
EHSTAB 
Spen. 
M-P II 
HOPK-I 
NOTES: 
II 
NS 
II 
II 
OMS --
M-P --
CRITICAL CIRCLE 
FROM 
CIRCLE SEARCH GRID 
1.55 1.55 
1.88 1.80 
2.03 1. 79 
1.88 NS 
NS NS 
2.003 1. 795 
Chirapunta & Duncan 
CRITICAL CIRCLE 
WITH 
TENSION CRACK 
0.79 
No Solution; Convergent Difficulties 
Ordinary Method of Slices 
Morgenstern/Price 
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Using ICES LEASE, factors of safety of 1.20 (Bishop solution) and 1.32 (ordinary method of slices), 
respectively, were obtained assuming no tension <rack. Using the HOPK-I program, a factor of safety (no 
tension crack) of 1.42 was obtained. Using the tension crack option, a factor of safety of 0.94 was obtained 
from HOPK-I. This factor of safety was 6 percent lower than the value reported by Chirapunta and 
Duncan. This problem was analyzed assuming the embankment shear strength was equal to zero. Factors 
of safety obtained from the ICES LEASE program was 0.80 as shown in Table 42. These factors of safety 
were about 15 to 20 percent lower than those obtained by Chirapunta and Duncan and the HOPK-I program 
when a tension crack was assumed. 
ANALYSIS 
Factors of safety obtained from the HOPK-I slope stability computer program are compared to 
values obtained from other slope stability computer programs and models in Table 3. Using factors of 
safety obtained from the HOPK-I program as base numbers, percentage differences are summarized in 
Table 4. Negative values indicate that values obtained from the other programs and models were lower 
than values from the HOPK-I program; positive values indicate that values obtained from the other 
programs and models were higher. 
As shown in Table 4, and excluding Examples 17 and 18, the percentage differences between values 
from the ICES LEASE-I program and values from the HOPK-I program ranged from -2.35 percent to 0.96 
percent. The percentage differences averaged about -0.42, or the average factor of safety obtained from the 
HOPK-I program generally was only slightly higher than values obtained from the ICES LEASE (Bishop 
solution) program. Comparing factors of safety from the HOPK-I program and those obtained from the 
KY-BISHOP program, the average percentage difference for four examples averaged 0.51. For two 
examples solved with REAME, the percentage difference averaged 0.21. 
In three examples, factors of safety obtained from the Morgenstern and Price model ranged only 
about -0.06 lower to 3.92 percent higher than values obtained from the HOPK-I program. The percentage 
differences averaged 0.66 to 2.13. In Examples 17 and 18, no solutions were obtained because of 
convergent difficulties encountered with the Morgenstern and Price method (7). Comparing values from 
the HOPK-I program with values from Spencer's method (9), the percentage differences ranged from 
-10.55 to 1.76. The average percentage difference for the three examples was -4.55 percent Excluding 
Example 8, the difference was 0.74 percent. 
Values obtained from the Bishop option of the STABL program ranged from zero percent to 1.73 
percent higher than values obtained from the HOPK-I program. The differences for the five comparisons 
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average only 0.55 percent. Hence, nearly identical values were obtained from the two different programs. 
However, values obtained from the simplified Janbu option of the ST ABL program were considerably 
lower than values obtained from the HOPK-1 model. Percentages differences ranged from -6.66 to -12.18 
for six comparisons. An average difference was -9.72 percent. 
Only two comparisons were made between the HOPK-I model and Janbu's model. Differences 
ranged from -0.86 to about 3.68 percent. Hence, the values were reasonably similar. The larger percentage 
was obtained for Example 5. Wright (4) could not obtain convergence for this example when three decimal 
places were specified for the factor of safety; he solved the problem specifying two decimal places in the 
factor of safety. 
Large discrepancies were obtained when values from the HOPK-I model were compared to values 
from the modified Swedish method. Depending on assumed inclinations of the side forces in the modified 
Swedish method, a wide range of values may be obtained as illustrated by Examples 2 and 8 in Table 4. 
Differences ranged from 33.3 percent to -7.89 percent. Hence, this method should probably not be used. 
Only one comparison was made between the HOPK-I model and Hardin's model. The two 
solutions differed by only 0.44 percent. Both models gave solutions that were about 1.5 percent higher 
than the solution obtained from the Bishop method 
Seven comparisons were made between solutions from HOPK-I and values obtained from the 
ordinary method of slices (ICES LEASE program). Percentage differences ranged from 2.86 to -12.25. 
Values obtained from the ordinary method of slices averaged about 6 percent below values obtained from 
the HOPK-I program. 
CONCLUSIONS 
I. A generalized slope stability computer model and program, HOPK-I, has been developed. The 
program can analyze both circular and noncircular shear surfaces. 
2. Factors of safety obtained from the HOPK-I slope stability program agree very closely to factors 
of safety obtained from the Bishop simplified method contained in such slope stability computer programs 
as ICES LEASE-I, KY -BISHOP, REAME, and the Bishop option of the ST ABL programs. 
3. Factors of safety obtained from the HOPK-1 program are very similar to values obtained from 
Morgenstern and Price's, Spencer's (second version), and Hardin's models. Generally the solutions from 
the HOPK-I program were within 3 percent of solutions obtained from those models. 
4. Factors of safety obtained from the HOPK-I for circular and non-circular shear surfaces agree 
reasonably well with factors of safety obtained from the "so-called" accurate models -- Bishop's simplified 
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model, Morgenstern and Price's model, Spencer's model, and Hardin's model. 
5. The simplified Janbu option of the STABL program gave lower factors of safety than facto~s of 
safety obtained from the HOPK-I program and the simplified Bishop model. Generally, the simplified 
Janbu option of the STABL yielded solutions that were slightly less than 10 percent lower than values 
obtained from the HOPK-I program or Bishop's simplified model. 
6. Limited credibility of the HOPK-I computer model and program has been established. Some 18 
examples representing a variety of slope stability conditions were analyzed; solutions from the HOPK-I 
program compared reasonably well with values from other computer programs and models. 
7. Although physical admissibility of the shear strength between slices may occasionally not be 
achieved in the HOPK-I model, this does not appear to significantly affect solutions obtained from the 
HOPK-I program. However, solutions obtained from other models such as the Morgenstem-Prices's, 
Spencer's, and Hardin's model may or may not be physically admissible. In those models, depending on the 
assumed variational relationship between interslices forces, the thmst line obtained may or may not be 
reasonable. The assumption that the thrust line is located near the bottom third points of the slices, as 
assumed in the HOPK-I program, is reasonable, and based on data shown herein, solutions obtained from 
the HOPK-I program appear reasonable when compared to solutions from other models. 
8. The HOPK-I slope stability computer model and program is versatile with respect to the type of 
stability conditions that may be analyzed. The program can analyze both circular and noncircular shear 
surfaces and yields reasonable solutions for both situations when compared to other models. The program 
analyzes problems involving both effective and total stresses. Multilayered slopes may be analyzed. The 
program can automatically search for the critical shear surface having a minimum factor of safety. The 
program can analyze slopes and foundations where the undrained shear strength may vary with elevation or 
depth. Both effective stress and total stress parameters may be used. Various pore-pressure options are 
available. Problems involving potential tension cracks may be analyzed. Earthquake problems may be 
analyzed using a psuedo-statical procedure. 
IMPLEMENTATION AND BENEFITS 
The HOPK-I slope stability computer program is being used by the Geotechnical Section of the 
Division of Materials, Kentucky Department of Highways, in the remedial design of highway embankment 
failures and in the design of new highway embankments. 
The HOPK-I slope stability program overcomes some limitations and difficulties frequently 
encountered with many other slope stability computer programs. For example, computer programs based 
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on the Bishop simplified model are limited to analyzing circular failure masses. However, many landslides 
are not always circular; mther, the shear surfaces are oftentimes irregularly shaped. In those cases, the user 
must resort to other models, such as the.Morgenstem and Price or Spencer (second version) models, which 
are capable of analyzing shear surfaces of arbitrary shape. However, results obtained for each shear surface 
from computer progmms should be reviewed to determine if the solution is physically admissible (4, 7, 8, 
10). To obtain a physically admissible solution from the Morgenstern and Price model may require several 
assumptions of the function F(x) used in that model. ln the HOPK-1 model, physical admissibility may not 
be achieved between slices, that is, the vertical interslice force may exceed the available shear strength in 
certain slices. Although this situation may occur in a particular problem and based on the few numerical 
examples presented herein, the solutions obtained from the HOPK-1 model are reasonably close to solutions 
obtained from the Morgenstern and Price and Spencer models. Moreover, changing the location of the 
interslice forces within reasonable limits does not appear to produce a wide range of factors of safety. 
Values obtained from the HOPK-1 model, based on the numerical examples presented herein, are 
reasonably close to solutions obtained from the Spencer's, Morgenstern and Price's, Hardin's and Bishop's 
models. Obviously, further study should be performed comparing solutions from the HOPK-1 model and 
values obtained from the so-called "accumte" models cited above. Other computer progmms based on 
force-equilibrium methods, such as Janbu's simplified procedure, which are capable of solving problems 
involving noncircular shear surfaces, generally yield solutions lower than values obtained from the so 
called "accumte" methods. Distinctive advantages of the HOPK-1 model are the abilities of the model to 
handle both circular and noncircular shear surfaces and to obtain solutions that compare reasonably well 
with solutions obtained from the more "accumte" models. Hence, the user does not necessarily have to 
resort to different models and computer progmms in the design of engineered earth masses. The user may 
check the stability of an earth mass using different sbear surfaces and using only one computer progmm. 
Additionally, design personnel do not necessarily have to devote time and expense learning various features 
of many different computer progmms after they become familiar with the HOPK-I progmm data entry. 
Another feature that should prove valuable to the general pmctitioner is the manner of tabulating 
factors of safety obtained from grid searches. As shown in Tables 5 and 6, the factors of safety are 
tabulated for the user. The user may quickly review the factors of safety obtained at each grid point and 
quickly deterntine if the grid boundaries need to be elilarged. In some progmms, such as the ICES LEASE-
I progmm (21), the factors of safety must be tabulated manually. This is time consuming and expensive. 
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APPENDIX A 
CODING SHEETS FOR THE HOPK-1 
SLOPE STABILITY COMPUTER PROGRAM 
(BATCH MODE) 

1. INPUT OUTPUT DATA 
OUTPUT NO. OF INPUT 
UNIT ' UNIT PROBLEMS 
COL 10 20 30 
2. PROBLEM IDENTIFlCA TION 
MO DA YR 
I I I I 
COL 6 
3. PROBLEM CONTROL 
UNITWW NSLICE MAX IT 
COL 10 20 30 
4. GIMMICK ROUTINE DATA 
GSEARC GIMTH GIMPO 
COL 5 10 15 
S. PROPERTIES OF SOIL LAYERS 
CO(M) PHI (NL) WT (NL) 
COL 10 20 30 
HOPK-1 
PROBLEM IDENTIFICATION 
80 
RU(M) YEL AP 
40 50 60 
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6. GROUNDLINE COORDINATES 7. SOIL LAYER BOUNDARY COORDINATES 
X( Y( XLS( YLS( 
COL 10 20 10 20 
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7. SOIL LAYER BOUNDARY (continued) 7. SOIL LAYER BOUNDARY(continued) 
XLS( YLS ( XLS( YLS ( 
COL 10 20 10 20 
116 
8. SHEAR SURFACE COORDINATES 9. THRUST LINE COORDINATES 
XF ( YF ( XTH ( ) YTH ( ) 
COL 10 20 10 20 
or 
IF GIMTH EQUAL TO 1 
ETA ETAT ETAC 
COL 10 20 30 
117 
10. PIEZOMETRIC COORDINATES 11. GROUNDWATER LEVEL COORDINATES 
XP( yp ( ) XWT ( ) YWT( ) 
COL 10 20 10 20 
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lZ. END BOUNDARY LOADS 
EA EB TA TB 
COL 10 20 30 40 
13. EARTHQUAKE FORCES 
SMEC HQ 
COL 10 20 
14. GRID SEARCH COORDINATES AND INCREMENTS 
XSTART YSTART XFIN YFIN XDEL YDEL RDEL 
COL 10 20 30 40 50 60 70 
15. STARTING COORDINATES OF RADIUS 
XE YE R01 
COL 10 20 30 
16. TENSION CRACK PARAMETERS 
DTC DTCFIX NSOLY RURT 
COL 10 20 25 30 
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APPENDIXB 
CODING FORMATS FOR THE HOPK-I 
SLOPESTABllJTYCOMPUTERPROGRAM 
(BATCH MODE) 

METHOD OF CODING DATA 
A complete guide describing the method of coding data for a slope stability problem is detailed 
below. Two methods - the batch method and the interactive method- are available for creating an input 
data file. When the batch method is used, all input data must be coded in a rigid format Consequently, it is 
essential that careful attention be given to the coding instructions and that all input data be placed in the 
proper allocated column spaces. To aid coding, a data coding form is presented in Appendix A. To 
properly execute a problem, all input data must be placed in the proper sequence. When the interactive 
method is used, a free format is used and, consequently, data need not be coded in a rigid format (the 
interactive mode is presently under development). 
COMMENTS ON THE DATA CODING INSTRUCTIONS 
Although prior knowledge of computer programming is not required, the following basic points 
must be understood to properly apply the data coding instructions when the batch method is used. 
1. There are two basic types of data fields. The first is referred to as alphameric. Both numbers and 
letters may be entered in an alphameric field. In the computer program, this type of field is used 
only once (see Line-type 2 below). The second type of data field is referred to as numeric. Only 
numbers are pennittecl With the exception of Line 2 below, all data will be entered in numeric 
fields. 
2. Numeric data are specified as integer or real. An integer number is a whole number. A real 
number is a decimal number with a decimal point. Whenever a variable is specified as an integer 
number, the numerical value of that variable is "Justified Right" in the field; that is, a number is 
inserted on a data line so as to leave no blank spaces to the right of the number in the allotted 
spaces. For example, if the integer number 7654 is to be punched in Column 1 through 10, 
justified right, the digit 7 must be placed in Column 7 to allow the last digit, 4, to be located in 
the last allocated column, 10. 
3. Each capitalized term appearing in the coding instructions below under each line type refers to 
the input variable exactly as it is found in the computer program. Additionally, each of the input 
variables are identified as real or integer. 
4. In certain cases, the column spaces allotted to an input variable may be left blank. Where default 
values are listed in the instructions for an input variable and the user chooses to use the default 
value, the allotted column spaces for that variable may be left blank. For example, if only one 
problem is to be performed, the column spaces for the input variable NOP (Number of Problems) 
may be left blank; the program assigns the default value of 1 to the variable NOP. In cases 
where a variable has a value of zero, the allotted column spaces may be left blank. 
5. Frequent reference is made in the coding instructions to gimmick routing variables. Values 
assigned to these variables merely instruct the computer program either to use certain source 
statements while ignoring certain others or to proceed to subsequent source statements after a 
particular operation has been performed. Two types of gimmick variables are used in the 
program. The first is an optional variable that provides the user some means of controlling 
certain operations in the program. For example, the variable listed as GIMPO controls the 
amount of printed output This variable may be assigned the integer values of 0 (or blank), I, or 
2. For instance, if GIMPO is set equal to 0, or left blank, all cross-section data and calculations 
yielding the factor of safety are printed out Other similar gimmick routing variables appearing 
in the instructions are GSEARC, GIMTH, RU(l). Options associated with these variables are 
explained in the data coding instructions listed below. 
The second type of input (gimmick) routing variable used in the program is referred to as a terminal 
routing gimmick. The function of this gimmick is to instruct the program that the end of a data set has been 
reached and to proceed to the next operation in the program or to read a subsequent data set. For example, 
assume the following x-y coordinate data set are to be read: 
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X 
35.000 
70.000 
100.000 
999 
y 
36.000 
10.000 
10.000 
To tenninate the reading of this data se~ the x-coordinate is assigned an integer value of 999; this value is 
placed in the fmt three columns at the end of each data set as shown in· the example above. 
DATA CODING INSTRUCTIONS, BATCH METHOD 
The following instructions illustrate the manner in which all problems are to be coded when using 
the batch method. This listing includes the type of line data, the field width of each variable, the column 
spaces allotted to each variable, whether the variable is an integer, real or alphanumeric, the default value 
of the variable and a definition of the input variations and general comments concerning the variable. 
Additionally, the value or range of values that may be assigned to each variable is listed under each 
variable name. The instructions are as follows: 
DATA 
COLUMNS TYPE 
VARIABLE 
NAME 
1. INPUT OUTPUT DATA (315): 
1-5 Integer 
6-10 Integer 
ll-15 Integer 
IN 
0-99999 
lOUT 
0-99999 
NOP 
0-99999 
2. PROBLEM IDENTIFICATION DATA (A6,A74): 
1-2 Alphanumeric MONTH 
0-12 
3-4 Alphanumeric KDAY 
0-31 
5-6 Alphanumeric KYEAR 
0-9 
7-80 Alphanumeric IHI(I) 
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REMARKS 
No Default Value 
Symbolic input number. This number 
designates which one of the various input 
devices in the computing system is to be 
utilized. The number may differ between 
computers and computing installations. 
No Default Value 
Symbolic output number. This number 
designates which one of the various output 
devices in the computing system is to be 
utilized. The number may differ between 
computers and computing installations. 
Default Value = 1 
The number of problems to be analyzed for 
each submission. 
No Default Value 
The month recorded as a number. 
No Default Value 
The day recorded as a number. 
No Default Value 
The Year. Only the last two digits of the year 
are placed in these spaces. 
No Default Value 
Alphanumeric infonnation. These spaces are 
used to describe the problem. This 
information might be the proj~t number, 
route designation, station number. The 
information may be arranged in any desired 
order in the allotted column spaces. 
If all information on this record is omitted, a blank record must be inserted at this position in the 
data to insure the proper execution of the computer program. 
3. PROBLEM CONTROL (F10.4,215): 
1-10 Real 
11-15 Integer 
16-20 Integer 
UNI1WW 
NSLICE 
=98 
MAXIT 
1-00000 
Default Value= 0.0624 
Unit weight of water in force per length 
cubed All subsequent units of variables must 
conform to the units designated for the unit 
weight of water. If the default value is used, 
then leave these spaces blank. 
Default Value= 76 
Number of slices. A maximum of 98 slices 
may be specified. Normally, 76 slices are 
sufficient to obtain an accurate value of the 
safety factor. If the default value is used, then 
leave these spaces blank. The number of 
slices must be an even integer value. 
Default Value= 15 
Number of interations. In most problems, 15 
interations are sufficient to obtain con-
vergence of the safety factor. If the default 
value is used, leave these spaces blank. 
If the three default values are used, a blank record must be inserted at this position in the data to 
insure the proper execution of the program. 
4. GIMMICKROUTINEDATA(315): 
1-5 Integer GSEARC 
= O,(or blank) 
= 1 
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Default Value = 0 
Routing gimmick code that specifies the 
mode of solution. Two options are available: 
Option 1: Only one shear surface is anaylzed. 
Coordinates of the shear surface must be input 
on Line 9 below. 
Option 2: A search analysis is performed. 
Coordinates of the search grid and x-, y-, and 
R(radius)-increments must be specified on 
Line 14 below. Shear-surface coordinates are 
generated by the program. 
6-10 Integer GIMlH 
=0 (or blank) 
=1 
11-15 Integer GIMPO 
= 0 (or blank) 
= 1 
=2 
Default Value = 0 
Routing gimmick code that specifies the 
method of handling the thrust line. Two 
options are available: 
Option I: x- and y-coordinates of the thiust 
must be supplied by the user in a format 
described below on Line 9. 
Option 2: A value of ETA, the ratio of the 
height of the interstice force above the shear 
surface to the total height of the side of a 
slice, must be input as described below on 
Une 10. Three ratio values (ETA, ETAT, and 
ETAC) can be specified as described below 
on Line 9. 
Default Value = 0 
Routing gimmick code that controls the 
amount of printed output. Three options are 
available: 
Option 1: All information is printed out. This 
includes the input data, a table of cross-
sectional data, and a table of calculations 
corresponding to each iteration. This option 
should not be used when GSEARC = 1 (Line 
2 above) 
Option 2: The same information printed out 
by Option 1 is given by Option 2, except the 
table of cross-sectional data is omitted. This 
option should not be used when GSEARC = 1 
(Une 2 above). 
Option 3: A limited amount of information is 
printed out. This includes input data, a safety 
factor corresponding to each iteration, and a 
table of calculations corresponding to the last 
iteration. 
If each gimmick routing code is left blank, then a blank record must be inserted at this position in 
the data to insure the proper execution of the program. 
5. PROPERTIES OF SOIL LAYERS (Fl0.3) 
1-10 Real CO(M) 
11-20 Real PHI(NL) 
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No Default Value 
Cohesion, c', of a layer in terms of effective 
stress or the undrained shear strength, SU, in 
force per length squared. 
No Default Value 
Angle of shearing resistence, <j>', in terms of 
21-30 Real WT(NL) 
31-40 Real RU(M) 
< 1.0 
~ 1.5 
= 2.5 
> 3.0 
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effective stress or total stress in degrees. 
No Default Value 
Total unit weight of a soil layer in force per 
length cubed. 
No Default Value 
Pore-pressure ratio. This ratio also is used as 
an optional gimmick routing code. Therefore, 
the value entered for each soil layer dictates 
the method by which pore pressures are 
computed. Four options are available for 
computing pore pressures: 
Option 1: Pore pressures in a given soil layer 
are defmed using the pore-pressure ratio, RU 
(Record Number 5). To use this option, the 
value of RU for each layer must be some real 
number less than 1.0. 
Option 2: Pore pressures in a given layer are 
defined by a piezometric line. Whenever the 
value of RU is set equal to 1.5, x- and y-
coordinates on the piezometric line for each 
soil layer where this option is to be used must 
be supplied in a format described under Line-
type 10. 
'Option 3: Pore pressures are defmed by an 
infinitely sloping groundwater level and a 
flow net appropriate for this case. The pore 
pressure is calculated by multiplying the 
vertical head of water by the unit weight of 
water and the square of the cosine of the angle 
measured between a horizontal line and the 
groundwater level. The coded value of RU 
may be some real number between 2.0 and 
2.9. However, the value of 2.5 is 
recommended. To use this option, only the 
value of RU corresponding to the first soil 
layer needs to be coded; the x- and y-
coordinates of the groundwater level must be 
supplied in a format described below under 
Line-type 11. 
Option 4: Pore pressures are defmed by 
assuming the groundwater level within a 
slope is a piezometric line. Pore pressures are 
computed by multiplying the vertical head of 
water by the unit weight of water. The coded 
value of RU may be some real number greater 
the 3.0 (use 3.5). This option may be used by 
setting the fiTS! RU value, which corresponds 
to the fiTSt soil layer, equal to some real 
41-50 Real YEL 
number greater than 3.0; xand y-coordinates 
must be supplied in a format described below 
under Line-type 12. Subsequent RU values, if 
any, are left blank. Options I and 2 may be 
intermixed. Options I or 2 may not be 
intermixed with Options 3 or 4. If only 
piezometric or water-table coordinates 
(Options 3 or 4) are used in a given problem, 
then only one value of RU (1.0) is input on 
the first layer line (Columns 31-40, Record 
Number 5.1). Subsequent RU values are not 
required. 
The corresponding y coordinate (elevation) of 
each value (input in Columns I through 10 
above) of undrained shear strength, SU. 
These values are input only for the problems 
involving variable undrained shear strength 
with depth, or elevation. The entire soil unit 
is treated as one soil layer. In cases where the 
undrained shear strength is constant for a. 
given layer, the y-coordinates need not be 
input. Where the undrained shear strength 
varies with depth, use of the y-coordinates 
and corresponding undrained shear values 
eliminates the need to subdivide a soil unit 
into many layers. 
Record Number 5 as described above is repeated for each soil layer. A maximum of 25 soil layers 
may be described. 
t-3 Integer X( ) 
-999 
6. GROUNDLINE COORDINATES (2Fl0.3): 
1-10 Real X( ) 
11-20 Real Y( ) 
No Default Value 
Place the value 999 in these columns and 
place at the end of the above data set. 
Reading of these data are ended when this 
value is encountered. 
No Default Value 
x-coordinate of the groundline. 
No Default Value 
y-coordinate of the groundline. 
Record Number 6 is repeated for each set of x- andy-coordinates. The groundline coordinates are 
placed in sequence of increasing x values. A maxium of 25 sets of x- and y-coordinates may be used to 
describe the groundline. The groundline should extend beyond each end of the shear surface. Where water 
masses (lakes or pools) rest against the upstream or downstream slopes, the coordinates of the lake or pool 
should be input as groundline coordinates. Bndies of water are assumed to be soil layers having no shear 
strength but having unit weights. 
1-3 Integer X( ) No Default Value 
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-999 Place the value 999 in these columns and 
place at the end of the above data set 
7. SOIL LAYER BOUNDARIES COORDINATES (2F10.3): 
1-10 Real XLS(,) No Default Value 
x-coordinate of a layer boundary. 
ll-20 Real YLS(,) No Default Value 
y-coordinate of a layer boundary. 
Repeat Record Number 7 for each set of x- and y-coordinates of each layer boundary; repeat these 
cards for subsequent layers. The layer coordinate records are placed in a sequence of increasing x-
coordinates. A maximum of 25 sets of x- andy-coordinates may be used to describe each layer boundary. 
Each layer boundary should extend beyond each end of the shear surface. The sequence of coding 
groundline and layer line data is from the top of the proftle to the bottom of the profile. A maximum of 25 
layer boundaries may be used. 
1-3 Integer XLS( ) 
8. SHEAR SURFACE COORDINATE CARD (2F10.3): 
1-10 Real XF( ) 
ll-20 Real YF( ) 
No Default Value 
Place the value 999 in these columns and 
place after each layer line data set. 
No Default Value 
x-coordinate of shear surface. 
No Default Value 
y-coordinate of shear surface. 
Repeat Record Number 8 for each set of x- and y-coordinates of the shear surface. A maximum of 
25 sets of x- and y-coordinates may be used to describe the shear surface. If GSEARC = 1, do not input 
these coordinates. 
1-3 Integer 
9. THURST LINE COORDINATE CARD (2Fl0.3): 
No Default Value 
Place the value 999 in these columns and 
place this card at the end of the above data 
set 
If the optional routing gimmick code, GIMTH, on Record Number 4 is set equal to 0, x- and y-
coordinates of the thrust line must be supplied. These coordinates are coded as follows: 
1-10 Real 
ll-20 Real 
XTil( ) 
YTH() 
No Default Value 
x-coordinate of thrust line. 
No Default Value 
y-coordinate of thrust line. 
Repeat Record Number 9 for each set of x- and y-coordinates of the thrust line. A maximum of 25 
sets of x- and y-coordinates may be used to describe the thrust line. 
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1-3 Integer XTH() 
·999 
No Default Value 
Place the value 999 in these columns and 
place this cani at the end of the. above data 
set 
If GIMTif is set equal to I on Record Number 4, the above lines are omitted and a value of ETA 
must be supplied. For this case, Record Number 9 is coded as follows: 
1-10 Real ETA No Default Value 
The ratio of the distance between the shear 
surface and the point of action of the 
interstice forces to the height of the side of a 
slice. Generally, ETA should be assigned any 
value lying in the range 0.25 to 0.65. 
Normally, a value of0.33 is used. 
The user has an additional option for defining the thrust line. If c' = 0, then ETA above should be 
set equal to about 0.33. If c' > 0, then the line of thrust in a compression zone (passive condition) may be 
located, perhaps, slighty above the third-point of the slice while in an tensile zone (active condition) the 
thrust line is located slighty below the third-point of the slices. To exercise this option, ETA is left blank 
and the following values are input: 
11-20 Real 
21-30 Real 
ETAT 
ETAC 
No Default Value 
The ratio of the distance between the shear 
surface and the point of action of the inter-
slice forces to the height of the side of the 
slice. The value of ETAT in the tension zone 
(active condition) is usually slighty smaller 
than 0.33. 
No Default Value 
The ratio of the distance between the shear 
surface and the point of action of the inter-
slice forces to the height of the side of a slice. 
The values of ETAC in the compression zone 
(active condition) is usually slighty larger 
than 0.33. 
If x- andy-coordinates are used to defme the thrust line, then ETA, ETAT, and ETAC are not input. If 
ETA is used to define the thrust line, then ETAT and ET AC are not input. If ETA T and ET AC (both 
values must be entered) are used, then ETA is not input. 
10. PIEZOMETRIC COORDINATES (2Fl0.3): 
If the pore-pressure ratio, RU, as input on Record Number 5 above (Columns 31-40), is set equal to 
a value greater than 2.0, piezometric coordinates are omitted. The user should go to Record Number II and 
enter groundwater coordinates. If the pore-pressure ratio, RU, of a given soil layer is less than 1.0 (the 
actual value of the pore pressure ratio is entered on Record Number 5 above, Columns 31-40 for this case), 
then the pore pressures in the given layer are calculated using the actual value of RU. However, if the 
pore-pressure ratio is set equal to a value greater than 1.0 and less than 1.9 (normally, a value of 1.5 is 
used), then x- andy-piezometric coordinates for the given soil layer must be supplied as described below: 
1-10 Real XP( ,) No Default Value 
128 
x-coordinate of the piezometric line. 
11-20 Real YP( ') No Default Value 
y-coordinate of the piezometric line. 
Repeat Record Number 10 for each set of x- andy-coordinates and for each soil layer where the 
RU-value is set equal to 1.5. A maximum of 25 sets of x- andy-coordinates may be used to describe each 
piezometric level corresponding to each layer. · 
1-3 Integer XP( ') 
-999 
No Default Value 
Place the value 999 in these columns and 
place this card after each piezometric data set. 
In the computer program, it is permissible to specify that the pore pressures in certain designated 
soil layers be computed using the actual pore- pressure ratios while in other layers the pore pressures may 
be computed using piezometric coordinates. The two options may be intermixed. 
11. GROUNDWATER LEVEL COORDINATES (2Fl0.3): 
If the first RU-value of the first soil layer on Record Number 5 above, columns 31-40, is set equal 
to a real number between 2.0 and 2.9 (use 2.5) or to a real number greater than 3.0 (use 3.5), x- and y-
coordinates of the groundwater level must be supplied as described below: 
1-10 Real XWT() No Default Value 
x-coordinate of groundwater level. 
11-20 Real YWT() No Default Value 
y-coordinate of groundwater level 
When RU-value is set equal to 2.5, pore pressures are computed assuming an infmitely sloping 
water table. 
Repeat Record Number 11 above for each set of x- and y-coordinates of the groundwater level. A 
maximum of 25 sets of x- andy-coordinates may be used to describe the groundwater level. 
1-3 Integer XWT() 
=999 
No Default Value 
Place the value 999 in these columns and 
place this card after the groundwater level 
data set 
When RU is set equal to a value greater than 2.0, piezometric coordinates are omitted. 
12. END BOUNDARY LOADS (4F10.0): 
1-10 Real EA 
11-20 Real EB 
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Default Value = 0.0 
Value of the horizontal force acting on the 
boundary of the uphill side of the potentially 
unstable soil mass. 
Default Value= 0.0 
Value of the horizontal force acting on the 
boundary of the downhill side of the 
potentially unstable soil mass. 
f 
l 
21-30 Real 
31-40 Real 
TA 
TB 
Default Value - 0.0 
Value of the vertical force acting on the 
boundary of the uphill side of the potentially 
unstable soil mass. 
Default Value • 0.0 
Value of the vertical force acting on the 
boundary· of the downhill side of the 
potentially unstable soil mass. 
If all values on Record Number 12 are left blank, then a blank record must be inserted at this 
position in the data to insure the proper execution of the program. 
13. EARTHQUAKE FORCES (2F10.3): 
1-10 Real SEMC 
11-20 Real HQ 
No Default Value 
Seismic coefficient Values of seismic 
coefficient can be obtained elsewhere. 
No Default Value 
Ratio of the distance between the shear 
surface and the point of action of the earth-
quake force on the side of the slice to the 
height of the side of the slice. This parameter 
allows the user to select the point of action of 
the earthquake force on the side of the slice. 
Normally, a value of O.S is assummed Forces 
acting at mid-height of each slice are 
oftentimes assumed 
A psuedo-static method (a traditional approach) is used to solve for the earthquake forces. The user 
should be aware of the shortcomings of this approach. 
14. PREDETERMINED TRIAL CENTERS (7Fl0.3): 
If GSEARC is set equal to I, Record Number 4 (Columns 1-5), then x- and y-coordinates and x-
and y-increments of the search grid must be specified Additionally, the radius increment must be 
specified These coordinates and increments are input as shown below: 
1-10 Real XSTART() 
11-20 Real YSTART() 
21-30 Real XFIN( ) 
31-40 Real YFIN( ) 
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No Default Value 
x-coordinate of the left upper comer of search 
grid. 
No Default Value 
y-coordinate of the left upper comer of search 
grid 
No Default Value 
x-coordinate of the right bottom comer of 
search grid 
No Default Value 
41-50 Real XDEL() 
51-60 Real YDEL( ) 
61-70 Real RDEL() 
15. STARTING COORDINATES OF RADIUS (4F10.3): 
y-coordinate of the right bottom comer of 
search grid. 
Default Value= 5 
x-increment of search grid The x-increment 
should be selected such that, when the 
difference (XFIN - XST ART) is divided by 
the x-increment, the result is an integer 
number. 
Default Value = 5 
y-increment of the search grid. The y-
increment should be selected such that, when 
the difference (YST ART - YFIN) is divided 
by the y-increment, the result is an integer 
number. 
Default Value= 5 
Radius increment 
To start the search routine, starting coordinates of the radius must be specified. The x- and y-
starting coordinates can be located on the groundline or any location below the groundline. The input is as 
follows: 
1-10 Real XE No Default Value 
x-coordinate of radius starting coordinate. 
11-20 Real YE No Default Value 
y-coordinate of radius starting coordinate. 
There are certain situations where the user may want to solve for the safety factor of one shear 
surface. The user may want to specify the radius length. In this case, the x- andy-coordinates of the center 
of the circle are entered on Record Number 14 (x- and y-increments and the radius increment and the XE 
and YE coordinates above need not be entered) and the radius length is input as shown below: 
21-30 Real ROl 
31-40 Real DVS 
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No Default Value 
Radius length for a given circle. 
No Default Value 
A vertical distance that controls shallow 
failures. For a given circle, the slice having 
the maximum height, ZMAX, is computed 
and compared to the value of DVS. If ZMAX 
is less than DVS, then the factor of safety is 
not computed, but rather the radius is 
incremented until ZMAX is greater than 
DVS. 
16. TENSION CRACK PARAMETERS (2Fl0.2, 15, F10.2): 
Two options are available for perfonning stability problems that may involve tension cracks. A 
typical problem where tension cracks may develop consists of a compacted embankment on a soft 
founclation. The embankment consists of stiff co/npacted soil and is brittle. Failure strain may be small. 
The foundation consists of soft soil that may strain considerably before failure. If sufficient settlement 
occurs in the soft founclation, the embankment soil will fail much sooner than the founclation material. 
Consequently, a tension crack wlll develop in the stiff embankment soils. The firSt option available in the 
computer program consists of specifying a variable crack. In this case, the computer program computes the 
depth of crack for each trial shear surface based on the assumption that the horizontal effective stress is 
zero at the bottom of the crack and according to the equation: 
z • (2c'mf~l - ru))((l + sin$'m)/(l • sin$'m))l/2 (I) 
where z = depth of tension crack; 
ru =pore pressure ratio in the soil zone where the crack occurs; 
em' • c'/F, effective stress moblized shear strength parameter, 
cohesion; 
$'m = effective stress mobilized shear strength parameter, 
angle of internal friction; 
y • unit weight; and 
F • factor of safety. 
Since, initially, the factor of safety is unknown for a trial shear surface and must be assumed, the depth of 
tension crack wlll vaty as the safety factor varies (to obtain the safety factor in the mathematical model, an 
iterative proceduce is used). Consequently, iteration must be performed on Equation 1 until a compatible z 
and Fare determined. To invoke this firSt option, a value ofDTC is input as follows: 
1-10 Real DTC Default Value. Variable Tension Crack 
Iteration is performed until a compatible 
tension crack depth, DTC, and factor of 
safety, F, are determined for each trial shear 
surface. Generally, insert a value of 1.0 to 
invoke this procedure. DTCFIX below is set 
equal to 0.0. A layer number must be input 
If the depth of tension crack is known or estimated, then the tension crack depth can be entered 
(Option 2) as follows: 
ll-20 Real DTCFIX Default Value- Fixed Tension Crack Depth 
All trial shear surfaces have the same depth of 
tension crack. DTC above Is set equal to 0.0. 
When either option Is used, the layer of soil in which the tension crack will develop must be 
specified as shown below: 
21-25 Integer NSOLY Default Value - 1 
This parameter designates the soil layer in 
which the tension crack will develop. Soil 
layers are counted (numbered) downward 
from the groundline. 
If the groundwater table is located in the soil layer where the tension crack is specified, then an 
estimate of the pore-pressure ratio in the soil can be made. 
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The pore-presswe ratio is input as follows: 
26-35 Real RURT No Default Value 
Pore-presswe ratio in the soil layer where the 
tension crack is specified. 
If a tension crack is not specified, then a ·blank must be inserted at this position in the data. 
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